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STORED BANK BLOOD, regardless of the method 
of preservation, undergoes certain biochemi- 
cal alterations with the passage of time. The 
most significant of these changes, for the 
recipient of the blood, are the greatly in- 
creased concentrations of ammonium and 
potassium. The potential dangers to certain 
types of patients from the use of such stored 
blood has recently been pointed out by 
Guynn and Reynolds. They state: “‘. . . Pa- 
tients who are retaining large amounts of 
potassium will receive more potassium with 
each unit of blood. Therefore, they should 
not be transfused except in the most unusual 
circumstances. There will be instances in 
which a patient is bleeding and in whom 
there is dangerous potassium retention. Such 
a situation may be unsolvable. . . . The ad- 
ministration of blood to patients with severe 
liver disease may also precipitate ammonium 
intoxication. While not of importance in a 
healthy patient, in those with liver disease, 
such an amount of ammonium as is included 
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in an ordinary transfusion may initiate dis- 
orientation, hyperventilation, tremor and 
coma.” 

A simple method is to be described for re- 
moving excessive potassium and ammonium 
from stored blood prior to transfusion by 
means of a cation-exchange resin. 


MATERIALS AND METHODS 


The experiment is outlined schematically 
in Figure 1. ‘Twenty-seven normal male vol- 
unteers were divided into three groups. Five 
hundred milliliters of whole blood from the 
antecubital vein were collected aseptically 
by one of three techniques in current clinical 
use. A sample was withdrawn for chemical 
analysis and the remainder of the blood was 
stored at 5 degrees C. for the indicated 
periods of time, then analyzed immediately 
before, and after, a single passage through a 
cation-exchange resin column. Ammonium 
nitrogen of whole blood was measured by 
Seligson’s method. Recovery of ammonium 
from blood was 93 per cent. Sodium and 
potassium content of plasma were measured 
by internal flame photometry. 
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Fic. 1. Design of the experiment. The maximum 
period of viability of erythrocytes in blood collected in 
ion exchange packs (group C) is 10 days, hence the 
storage intervals selected. 


Group A. The blood from 9 subjects was 
collected in 500 milliliter silicone-coated 
vacuum bottles (transfuso vac), containing 
120 milliliters of ACD solution, U.S.P. 
formula B (citric acid, C.52 gm., trisodium 
citrate, 1.584 gm., and dextrose, 1.764 gm.). 
Three bottles were stored for 7 days, 3 for 14 
days, and 3 for 21 days. 

Group B. The blood from 9 additional sub- 
jects was collected in plastic bags (ACD 
blood pack), containing 75 milliliters of ACD 
solution, U.S.P. formula A (citric acid, 
0.600 gm., trisodium citrate, 1.650 gm., and 
dextrose, 1.837 gm.). These likewise were 
stored for periods of 7, 14, and 21 days. 

Group C. Blood was drawn from the third 
group of 9 subjects, passed initially through 
a cation-exchange resin and then stored in a 
plastic container (ion exchange blood pack) 
for periods of 2, 5, and 10 days. ‘The shorter 


“Cotion- free” blood 
in plastic container 





Fic. 2. Ammonium and potassium ions are extracted 
by passage of the bank blood through a sterile resin 
column in series with the container. The effluent blood 
may then be administered directly to a patient. 
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lime intervals were selected for this group 
because 10 days is stated to be the upper 
limit of cell survival under these conditions. 

At the completion of the various periods of 
storage the blood was removed from the re- 
frigerator. A sample of the blood was taken 
for analysis and the remainder of the blood 
was passed through a resin column. The resin 
columns used consisted of 50 gram dowex 
50-X8, sodium cycle, supported on 100 mesh 
nylon bolting cloth, in a vinylite casing. The 
columns were connected to the blood con- 
tainers as shown in Figure 2. The cold blood 
was passed over the resin at room tempera- 
ture to simulate conditions prevailing during 
most clinical transfusions. The rate of flow 
of the blood through the resin pack was 50 
milliliters per minute. After the entire sample 
of blood had passed through and was col- 
lected in a suitable container, a final sample 
was analyzed for ammonium, sodium, and 
potassium. 

RESULTS 

The data are presented graphically in 
Figures 3 to 11. 

Group A (Figs. 3, 4, and 5). The plasma 
of blood stored in silicone-coated vacuum 
bottles containing 120 milliliters of ACD 
solution (U.S.P. formula B) accumulated a 
considerable amount of potassium. The 
greatest increment occurred in the first 7 
days (levels of 9.5 to 12 mEq./L. of plasma), 
and the amount continued to rise up to the 
twenty-first day (levels of 14 to21 mEq./L.). 
Passage of the blood through a resin column 
consistently lowered the potassium level to 
less than 1 milliequivalent per liter (Fig. 3). 
The sodium levels of the plasma usually de- 
creased somewhat during storage. With 1 ex- 
ception, passage through the column in- 
creased sodium to slightly over the level in 
the plasma of the blood when freshly drawn 
(Fig. 4). The ammonium concentration of 
the whole blood increased during storage. 
The increase appeared to be linear through- 
out the study period reaching levels of 400 
to 661 micrograms per 100 milliliters in 21 
days. The concentration was always reduced 
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Fic. 3. Blood stored in ACD solution, formula B, in 
siliconc-coated vacuum bottles. A single passage across 
the resin removed more than 90 per cent of the potassium 
in the plasma. 


to normal levels by passing the blood through 
the resin column (Fig. 5). 

Group B (Figs. 6, 7, and 8). In the blood 
stored in plastic bags containing 75 milli- 
liters of ACD solution (U.S.P. formula A), 
there was also a gradual increase in plasma 
potassium and in ammonium. The potassium 
increased slightly more than in the previous 
group. After 7 days the potassium ranged 
from 10 to 14 milliequivalents per liter of 
plasma, and after 21 days was 16.8 to 23.6 
milliequivalents per liter. Passage through 
the resin column immediately lowered the 
plasma potassium to less than 3.8 milliequiv- 
alents per liter in all cases (Fig. 6). As in 
group A, plasma sodium tended to decrease 
during storage (Fig. 7). Passage through the 
resin column increased the sodium above ini- 
tial levels. Ammonium in the whole blood 
increased at about the same rate as in group 
A. Passage through a resin column immedi- 
ately returned the ammonium to approxi- 
mately the levels of freshly drawn blood 
(Fig. 8). 

Group C (Figs. 9, 10, and 11). The electro- 
lyte changes occurred most rapidly in the 
blood stored in a plastic container after pas- 
sage through an ion-exchange resin pack. 
The original values for plasma potassium 
in this group were low (1 to 3 mEq./L.), 
because the resin removes potassium as well 
as calcium. In spite of this, the potassium 
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Fic. 4. Blood stored in ACD solution, formula B, in 
silicone-coated vacuum bottles. Rise in plasma sodium 
after passage through resin column is due to exchange of 
this electrolyte for other cations removed from bank blood. 


increased to 9.5 to 12 milliequivalents per 
liter in 2 days. However, further increase in 
the next 8 days was slight. The maximum 
level reached was 14 milliequivalents per 
liter. Passage of the blood through the resin 
column again dropped the plasma potassium 
values to below the normal range (Fig. 9). 
The initial levels of sodium in the plasma 
were somewhat lower in this group than in 
the previous two groups because less sodium 
was added from the resin packs than was 
admixed with blood by incorporation of tri- 


[eraup a) 
350 co 0d ee Lad 0 
| 
se0- ae ap L $00 
GE oH c2109¢ cr08s veun | 
t 


3th 


Cat] 


g 


200 


| 
f 
oo | 
| 


x 
8 


be) 





= 
gear sac ow an 


a2 es 





Fic. 5. Blood stored in ACD solution, formula B, in 
silicone-coated vacuum bottles. The accumulation of 
ammonium during storage is roughly linear. The high 
levels are reduced to a normal range in every instance by 
passage across resin. 
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Fic. 6. Blood stored in ACD solution, formula A, in 
plastic bags. Rise in plasma potassium is similar to that 
occurring in group A. Passage of blood over resin re- 
moved more than 90 per cent of potassium in plasma. 


sodium citrate in the ACD solutions. ‘There 
was a decrease with storage and an increase 
after passage through the resin column 
(Fig. 10). The increase in blood ammonium 
was considerably more pronounced than in 
the other groups. It rose to 380 to 450 micro- 
grams per cent in 2 days, and to 520 to 1250 
micrograms in 10 days (Fig. 11). Passage of 
the blood through an exchange column im- 
mediately lowered the ammonium to approx- 
imately normal range. 

To recapitulate, regardless of the manner 
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Fic. 8. Blood stored in ACD solution, formula A, in 
plastic bags. The ammonium level rose approximately 
the same as in the glass containers. Again passage of the 
blood across resin lowered the ammonium level to normal 


range. 
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Fic. 7. Blood stored in ACD solution, formula A, 
stored in plastic bags. Initial plasma sodium values are 
high. Changes in plasma sodium are similar to those in 
group A. 


in which the blood was collected, there was 
a gradual increase in plasma potassium and 
in blood ammonium and a slight decrease in 
plasma sodium during storage. Passage of 
the blood through a resin column immedi- 
ately reduced the potassium to below the 
initial levels and the ammonium to approx- 
imately normal levels. There was a con- 
comitant small increase in sodium. 

The median per cent extraction of am- 
monium and potassium and coincidental 
sodium increase werecalculated. Ammonium 
and potassium were removed to the extent 
of 74 and 94 per cent, respectively. The in- 
crease in plasma sodium in this exchange 
averaged 11 per cent. 


DISCUSSION 


The prevalent use of ACD-preserved blood 
derives mainly from survival of a satisfactory 
per cent of erythrocytes over a 3 week period. 
Citric acid intoxication following rapid ad- 
ministration of large volumes of blood will, 
therefore, remain a problem so long as ci- 
trate is employed as an anticoagulant. Blood 
decalcified by passage across an ion-exchange 
resin, does not have the longevity of the 
ACD preparation, and hence cannot be ex- 
pected to supplant the latter in the routine 
preservation of blood. Its principal advan- 
tages include freedom from dilution by non- 
hemic media, no change in the px of the 
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Fic. 9. Blood decalcified initially by collecting across 
resin. The initial low plasma potassium levels are due to 
removal of this ion in the collection procedure. Passage 
of the blood through a resin column after storage effects 
a similar extraction. 


solution, and fairly accurate estimation of 
extracted calcium to be replaced. 

The marked intolerance of patients with 
severe renal damage to exogenous potassium 
has been reported. Multiple transfusions 
with old bank blood have been observed to 
aggravate the hyperkalemia attendant upon 
severe tissue injury. Likewise, some of the 
cardiac arrhythmias which occur during 
massive blood replacement may be on a 
hyperkalemic basis. The sensitization of the 
heart to injected citrate solution has been 
explained on the basis of elevation of potas- 
sium in the extracellular fluid of the myo- 
cardium during hypotension. 

The oral or parenteral administration of 
nitrogenous substances may precipitate an 
encephalopathy in patients with spontane- 
ous, or surgically constructed, portal-systemic 
shunts. The administration of stored blood 
is, therefore, potentially dangerous to these 
individuals. Cincotti reported the inception 
of hepatic coma in patients with portal 
cirrhosis who received liberal amounts of 
blood. It is quite possible, therefore, that 
the marked sensitivity of patients with dis- 
ease of the liver to bank blood may be due 
not only to defective metabolism of citric 
acid, but also partly to intolerance of the 
increased ammonium content of the blood 
administered. We have frequently found ex- 
tremely high ammonium levels (in excess of 
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Fic. 10. Blood decalcified initially by collecting across 
resin. The initial plasma sodium levels in this blood are 
generally lower than in the blood collected in ACD solu- 
tion. Passage of the blood across resin after storage results 
in a moderate increase in the concentration of this ion. 
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1,000 mcgm. per cent) in blood given to pa- 
tients having a portal-caval anastomosis. 
Serial determinations of circulating blood 
ammonium were made on 2 such patients 
while they were receiving bank blood. Hy- 
perammonemia approaching prehepatic 
coma levels ensued after the administration 
of 3,000 milliliters of citrated blood, and 
declined only gradually after transfusion was 
discontinued (6). 

Ion-exchange resins have been a tool of the 
analytic chemist for many years, but have 
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Fic. 11. Blood decalcified initially by collecting across 
resin. The accumulation of ammonium is considerably 
greater and more rapid during storage by this method as 
compared to ACD solution. These high levels are de- 
creased in every instance by passage across the resin. 
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only recently been used in medicine. Stein- 
berg first suggested that resins be used for 
decalcifying blood. Quick (4,8) subsequently 
employed these insoluble substances in stud- 
ies of the role of calcium in blood coagula- 
tion. Blood decalcified with resins is em- 
ployed in the Cohn blood fractionator (8), 
and Walter applied this principle in design- 
ing sterile packs for the collection of blood. 
Following Dock’s original suggestion that 
resins be employed clinically to combat 
edema, these materials were administered 
orally to patients. They have since become a 
useful therapeutic measure in hypernatremic 
and hyperkalemic states. It is interesting to 
note that resins prepared in the ammonium 
form to improve palatability have precipi- 
tated signs of neurotoxicity when adminis- 
tered to patients with portal cirrhosis for the 
reduction of ascites. The removal of am- 
monium from blood by resins suggests their 
usefulness in clinical situations involving an 
elevated circulatory ammonium level. In 
preliminary studies with an extracorporeal 
resin device, we have effected a reduction in 
the blood ammonium level of dogs rendered 
hyperammonemic by surgically produced 
acute hepatic ischemia (5). Similarly, hemo- 
perfusion studies in our laboratories and in 
other institutions with resin systems have 
shown promise in the reduction of hyperazo- 
temia and hyperkalemia by techniques con- 
siderably less complex and time-consuming 
than hemodialysis or peritoneal irrigation. 


SUMMARY 


1. There is a progressive increase in am- 
monium and plasma potassium in blood 
stored in siliconized vacuum bottles and 
plastic containers. 

2. These ions accumulate more rapidly in 
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blood decalcified by passage through an ion- 
exchange column than in blood to which 
ACD solution has been added. 

3. Passage of stored blood across a cation- 
exchange resin consistently reduced the con- 
centrations of plasma potassium and blood 
ammonium to, or below, normal levels. 

4. This reduction was accompanied by a 
small increase in the plasma sodium concen- 
tration. 

5. This simple method is recommended as 
a means of effectively removing excessive 
potassium and ammonium from bank blood 
prior to transfusion. 
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LIFE EXPECTANCY AFTER FRACTURE OF THE HIP 


WILLIAM T. FITTS, JR., M.D., F.A.C.S., HERNDON B. LEHR, M.D., 
STANLEY SCHOR, Ph.D., and BROOKE ROBERTS, M.D., F.A.C.S., 


Philadelphia, Pennsylvania 


‘THis ANALYsIs of hip fractures was under- 
taken mainly to determine the long term 
results of treatment and the life expectancy 
after fracture. Most methods for treating 
hip fractures require a long time for re- 
habilitation. The insertion of a hip prosthesis 
shortens this period considerably, but pre- 
cludes the chance for a normally functioning 
hip. In making the decision for or against 
replacement of the femoral head by a pros- 
thesis, the surgeon desires precise knowledge 
of the results of all methods of treatment and 
of how long the patient may be expected to 
live. Our study is aimed to add to such in- 
formation. 

In making the study we promptly learned 
that the hospital mortality (death in the 
hospital within 30 days of injury) gives a dis- 
torted impression of results. The mortality 
within 6 months of fracture (or until weight 
bearing is resumed) is a better criterion for 
comparing results of treatment and is ap- 
plied in this article. We propose this measure 
as areplacement for ‘“‘hospital mortality” for 
contrasting the results of different types of 
treatment. 

To determine the life expectancy after 
fracture, a life table was made for the gen- 
eral population containing the same propor- 
tion of males, the same proportion of persons 
at various ages, and the same proportion of 
whites as in the fracture group. A life table 
based on actual mortality of the hip fracture 
patients was then calculated. It was found 
that if the sample of patients with a broken 
hip survived for as long as 6 months after 
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fracture, their life expectancy was not ap- 
preciably less than for the general popula- 
tion of the identical age, sex, and race, 
which was approximately 11 years. 


CLASSIFICATION OF PATIENTS 


For this study we selected all patients 
with fresh hip fractures admitted to the 
General Surgical Service of the Hospital of 
the University of Pennsylvania during the 7 
year period, 1946 to 1952 inclusive: a total 
of 108 patients with 109 fractures. Follow-up 
data have been collected for all 108 patients, 
until death of the patient or for a minimum 
of 4 years after fracture. Twenty-three (20 
per cent) of the patients were under 65 
years of age, 43 (40 per cent) were from 65 
to 75 years, and 42 (40 per cent) were over 
75 years old. The mean age for the group 
was 71% years and the median age was 73 
years. 

On the basis of associated diseases the pa- 
tients were divided into three broad groups: 
group I includes patients with mild or no 
associated pathologic process; group II in- 
cludes patients with moderately severe asso- 
ciated disease, e.g., significant arteriosclero- 
sis, pulmonary emphysema, compensated 
heart failure, and old myocardial infarc- 
tion; group III includes patients with severe 
associated diseases, e.g., recent myocardial 
infarction, renal failure, uncompensated 
congestive heart failure, and metastatic 
cancer. 

This classification requires value judg- 
ments, but the authors found little difficulty 
in agreeing on the grouping of the patients; 
and this rough classification proved to be an 
aid in determining prognosis and in select- 
ing the method of treatment. 
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TABLE I.—SUMMARY OF PATIENT CHARACTERIS- 
TICS BY LOCATION OF HIP FRACTURES 





—__—Lucation of fracture 


Characteristics Neck Trochanteric All 
Mean age, years........... 69.9 72.6 71.5 
Per cent male......... 9 22 17 
Per cent group III assoc. dis- 

CK aetehensces's 22 27 25 
Mean time between fracture 

and operation, days...... 2.7 2.9 2.8 
Per cent pinned....... 93 86 89 
Per cent general anesthesia 

(for patients pinned)..... 74 86 80 
Per cent postoperative com- 

‘rere 1 52 43 
No. of fractures........... 45 64 109 


None of the above characteristics yield differences between trochan- 
teric and neck cases at the 0.05 level of significance. 


METHODS OF TREATMENT 


The following laboratory studies were 
made on all patients: urinalysis, hemoglobin 
level, white blood count, blood sugar level, 
and blood urea nitrogen level. Electrocardio- 
grams were made on almost all patients and 
roentgenograms of the chest were made on a 
large number. Most of the patients were seen 
by an internal medical consultant soon after 
admission. Special studies were made on 
many patients after consultation. 

The surgical management of the majority 
of the 108 patients was supervised by Doc- 
tors Fitts and Roberts. The immediate 
treatment consisted of blood transfusion for 
shock (usually mild, if present at all) and 
the routine application of Buck’s extension 
traction. Roentgenograms were then made. 
Although an attempt was always made to 
get good films in both anteroposterior and 
lateral positions, satisfactory lateral views of 


many fractures were only obtained when the 


TABLE II.—MORTALITY BY LOCATION OF HIP 
FRACTURES 
Mortality 
Before weight Within 6 months 
Hospital, bearing, of injury, 
Location No. per cent per cent per cent 
Neck offemur. 45 2.2 13.3 16.0 
Trochanter.... 64 9.4 34.4 30.0 
| Sere 109 6.5 26.0 24.0 


TABLE III.—RESULTS BY LOCATION OF FRACTURE 
IN PATIENTS SURVIVING OVER 6 MONTHS 


Location No. Good results, per cent Healing, per cent 
Neck of femur. . 38 82 87 
Trochanter.... 44 97 97 
BGs awk ows 82 90 93 
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patient had been placed on the fracture 
table, preliminary to operation. Patients 
with trochanteric fractures usually received 
1,000 milliliters of whole blood before opera- 
tion and patients with intracapsular frac- 
tures usually received 500 milliliters. ‘Treat- 
ment with antibiotics (most commonly a 
combination of penicillin and streptomycin) 
was begun immediately after admission. We 
hoped the antibiotics would decrease the 
number of pulmonary and urinary tract 
infections in addition to the number of 
wound infections. 

All but 12 of the 109 fractures were treated 
by internal fixation; a Smith-Petersen nail 
for intracapsular fractures, and either a Neu- 
feld blade plate or Smith-Petersen nail fixed 
to a McLaughlin bar for trochanteric frac- 
tures (Table I). In the first part of the study 
a few trochanteric fractures were treated by 
Roger Anderson well-leg traction. This 
method was then discarded and internal 
fixation was employed for all trochanteric 
fractures. One badly comminuted tro- 
chanteric fracture was treated by balanced 
skeletal traction suspension. Three fractures 
of the femoral neck were impacted in the 
position of abduction and were treated by 
nothing more than a period of forbiddance 
of weight bearing. 

Operation was usually performed on the 
morning of the day following admission. 
Local anesthesia was used in 2 per cent of 
patients, spinal in 17 per cent, and general 
in 71 per cent. Agents for general anesthesia 
were usually a combination of sodium 
pentothal and nitrous oxide and oxygen. 
During operation the anesthesiologist usu- 
ally infused the patient with a volume of 
whole blood estimated to be equal to the 
loss. The volume of blood transfused was 
often modified by the response of the patient 
to anesthesia, transfusion, and operation. 
We used the dry sponge weighing tech- 
nique of Baronofsky and associates for esti- 
mation of blood loss in many operations and 
found the method helpful. Patients with 
trochanteric fractures often lost 1,000 milli- 
liters or more of blood as measured by this 
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technique; patients with femoral neck frac- 
tures usually lost only 200 to 300 milliliters. 

After 1949, all patients have received 
heparin, started about 12 hours after opera- 
tion, and given intramuscularly every 6 
hours in a dosage aimed to keep the clotting 
time (Lee-White method) between 20 and 
30 minutes, when measured 1 hour before 
the time of the next injection. The patients 
were helped out of bed and into a chair 
each day, beginning the day after operation. 
When we believed the patient was strong 
enough, we permitted ambulation with 
crutches or a ‘“‘walker,” but forbade weight 
bearing on the injured side until healing of 
the fracture was thought solid. Few patients 
with intracapsular fractures were allowed 
to bear weight before 6 months. 


ANALYSIS OF DATA 


Table I lists the following data according 
to location of the fracture: age, sex, associated 
diagnoses, time in days between injury 
and definitive treatment, number of frac- 
tures treated by internal fixation, type of 
anesthesia, and the percentage with post- 
operative complications. Note that 12 of the 
109 fractures were not pinned. The compli- 
cations were classified as: pulmonary, 
cardiac, renal, peripheral vascular, wound, 
and other complications. All 108 patients 
were followed until death or for at least 4 
years and the results classified as follows: 
operative death (death in the hospital within 
30 days of operation), death within 6 months 
of operation, nonunion of fracture, aseptic 
necrosis, and union of fracture without sub- 
sequent development of aseptic necrosis. 
Only this last result was recorded as a good 
result. 

Doctor Schor analyzed the data statisti- 
cally in two main sections: (1) a comparison 
of the life expectancy of the 108 patients 
with hip fractures and the general popula- 
tion and (2) a comparison of femoral neck 
and trochanteric fractures. 

Because most patients came from the mid- 
dle Atlantic states, the middle Atlantic 
states life tables were applied for the first 
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Fic. 1. Survival curves for all patients with hip frac- 
tures admitted to the Hospital of the University of 
Pennsylvania during the period between 1946 and 1952 
and for the normal population for the years 1949 and 
1950. 


partof the analysis. The tables were adjusted 
to conform with the pertinent characteristics 
of the sample of patients with hip fracture. 
In short, a life table was constructed for a 
general population containing the same 
proportion of males, the same proportion of 
whites, and the same proportion of age 
groups as represented by the 108 patients 
with hip fractures. We then calculated a life 
table based on the actual mortality of the 
patients with fractures. The proportion of 
people surviving various time periods was 
plotted for the two groups (Fig. 1). Of 
great interest is the fact that after the first 
6 months the slopes of the 2 lines were ap- 
proximately parallel.' Thus, the life ex- 
pectancy of the patients who survived the 
first 6 months after operation (and 75 
per cent of them did survive this period) 
was not appreciably less than the general 
population adjusted to conform with the 
fracture patients in sex, age, and race. The 
life expectancy for the composition of our 
sample is approximately 11 years. It may be 
argued that a large proportion of the pa- 
tients not surviving 6 months could consist 
of poor risk patients and could weight the 


1The temporary life expectancy of the hip fracture patients 
based on 5 years of observation was only slightly less than that of 
the general population. 
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surviving patient group with more healthy 
people than in the population at large. 
However, if some adjustment is made to 
allow for this contingency, no appreciable 
difference appears between the life expect- 
ancy of the two groups. 

The second division of the statistical 
analysis tests the results in the group with 
femoral neck fractures with the group with 
trochanteric fractures (Tables II and III). 
Whereas only 13 per cent of the patients 
with neck of femur fractures died before 
weight bearing, 34 per cent of those with 
trochanteric fractures died before weight 
bearing (Table II). Similarly, the hospital 
mortality for the trochanteric group was 
more than 4 times the mortality for the 
neck of femur group, 9.4 versus 2.2 per cent; 
but, so few patients (7) died in the hospital 
that the difference between the two groups 
was not significant at the 5 per cent level. 

Because of the great increase in mortality 
in the 6 month period as compared with 
hospital mortality, we also analyzed fracture 
healing in the group surviving 6 months ac- 
cording to location of the fracture (Table 
III). Whereas almost all (97 per cent) of the 
patients with trochanteric fractures ob- 
tained good results by the definition given 
previously, only 82 per cent of the neck of 
femur group obtained good results. Ninety- 
seven per cent of the trochanteric fractures 
healed and aseptic necrosis of the femoral 
head did not develop in any. Eighty-seven 
per cent of the fractures of the neck of femur 
healed, aseptic necrosis developed in 13 per 
cent of these. In a few instances (5 per cent) 
aseptic necrosis developed after the fracture 
had healed. 

To ascertain if the differences noted be- 
tween the femoral neck and trochanteric 
groups were chiefly related to the location of 
the fracture we tested the two groups for 
homogeneity with regard to the charac- 
teristics listed in Table I. Whenever the 
characteristics were shown to be related at 
the 0.05 level of significance? the patients 


2If the two are not related the probability of obtaining the 
observed relationship is less than 0.05, or 5 per cent. 


were classified into homogeneous subgroups, 
and the differences in results between frac- 
ture locations were tested within these 
classes. When these precautions were taken, 
the only difference, significant at the 0.05 
level, between the femoral neck and tro- 
chanteric groups was the proportion of pa- 
tients dying before weight bearing. The 
number of patients with trochanteric frac- 
tures dying before weight bearing was sig- 
nificantly higher. 

It is striking that all patients who died in 
the hospital had been classified as group III 
on the basis of associated diagnoses. Two 
died from massive pulmonary emboli de- 
spite prophylactic ligation of superficial 
femoral veins. These 2 patients were treated 
prior to the routine use of heparin post- 
operatively. Subsequent to the use of hepa- 
rin no patient died from pulmonary embo- 
lism. Three died from pneumonia. One died 
from renal failure and the remaining pa- 
tient died from congestive heart failure. Of 
the 101 patients who survived to leave the 
hospital, 39 had from 1 to 3 complications 
each. Complications in the group of patients 
who survived included: (1) 9 wound collec- 
tions of blood or serum (3 infected, an 
incidence of severe wound complications of 
approximately 3 per cent; (2) 9 pulmonary 
complications (7 pneumonias and 2 pulmo- 
nary emboli); (3) thrombophlebitis in 2 
patients; (4) cardiac complications in 2 pa- 
tients; (5) renal complications in 5 patients. 
Other complications included: loosening of 
Smith-Petersen nail in 3 patients; dermatitis 
attributed to penicillin sensitivity in 3 pa- 
tients; pressure ulcers over the sacrum in 2 
patients; and peroneal palsy which was ob- 
served in 2 patients who were treated by 
skeletal traction. 

The average time from injury to treat- 
ment was 2.8 days (Table IV). For the pa- 
tients who died before weight bearing, the 
average time from injury to treatment was 
3.6 days, but for the patients who lived to 
bear weight this time was 2.6 days. This 
difference is significant at the 0.05 level. 
Does this mean that earlier treatment re- 
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sults in a lower mortality? It is difficult to 
test this hypothesis with our data because 
there were delays in treatment for several 
different reasons, e.g., reluctance of the 
internist to permit operation on a few pa- 
tients. The authors believe, however, that 
patients with hip fractures have better re- 
sults the earlier after injury they are treated. 
The mean age (75.7 years) of the patients 
dying before weight bearing was signifi- 
cantly higher than the mean age (70.1) of 
the patients surviving this period (Table 
IV). The effect of age on mortality is not 
clear-cut, however. If both groups are ana- 
lyzed within subgroups, homogeneous with 
respect to location of fracture, two com- 
pletely different pictures emerge. The aver- 
age age of the patients having femoral neck 
fractures and dying before weight bearing 
is less than the average age of a similar 
group surviving this time period, while just 
the opposite is true in trochanteric cases. 
This might suggest that age is an important 
factor as far as weight bearing mortality is 
concerned only for trochanteric fractures; it 
is probably one of the vagaries of the data. 
The percentage in group III was also 
significantly higher for the patients who 
died before weight bearing than for those 
surviving this period, and the effect of this 
characteristic is clear-cut (Table IV). Sig- 
nificantly more patients with both femoral 
neck and trochanteric fractures died in group 
III because of associated diseases. 
No other characteristics studied appeared 
to affect death before bearing weight. 
Three patients had fractures of the fem- 
oral neck impacted in the position of ab- 
duction. None of these patients was oper- 
ated on, but they were treated by forbid- 
dance of weight bearing until the fractures 
healed. No patient died and all obtained 
union. Drs. Edward J. McClain, Robert H. 
Cram, and William T. Fitts, Jr. have now 
observed 19 consecutive impacted femoral 
neck fractures’ of the abduction type. All 


_ The 19 patients were all of the patients with this type of 
fracture treated on the General Surgical Service of the Hospital 
of the University of Pennsylvania or on the private surgical 
service of Dr. Robert H. Cram. 


Fitts et al.: LIFE EXPECTANCY AFTER FRACTURE OF HIP 11 


TABLE IV.—EFFECT OF VARIOUS CHARACTERISTICS 
ON MORTALITY BEFORE WEIGHT BEARING 


Died before Significant at 
weight bearing Survived Total 0.05 level 
Mean age, years. 75.7 70.1 71.5 Yes 
Mean time be- 
tween fracture 
and operation, 
CMR vcccees 3.6 2.6 2.8 Yes 
Mean operation 
time, minutes. . 117 - 121 120 No 
Per cent group 
III assoc. dis- 
ee 46 17 25 Yes 
Per cent general 
anesthesia... .. 86 68 72 No 


of these fractures healed and aseptic necro- 
sis did not develop in any. 


DISCUSSION 


The hospital mortality of patients with 
hip fractures is a poor measure of the results 
of treatment. The mortality before weight 
bearing (or within 6 months of fracture) is 
a truer criterion by which to test different 
methods of treatment and to compare the 
results of different clinics. In our study, only 
6.5 per cent of patients died in the hospital 
but 26 per cent died before weight bearing 
(and 24 per cent within 6 months of injury). 
The charity hospitals which have difficulty 
in discharging patients would tend to have 
a higher hospital mortality than the other 
community hospitals. We suggest that, in 
the analysis of hip fractures, surgeons em- 
ploy mortality before weight bearing as an 
important criterion to test treatment meth- 
ods. 

The average patient in our sample, with 
the specific age, sex, and race characteristics, 
was found to have a life expectancy of about 
11 years, if he survived 6 months after oper- 
ation, as shown in Figure 1. Eleven years is 
a longer period than we had anticipated. 
This knowledge strengthens our belief that 
substitution of a prosthetic head for femoral 
neck fractures is a decidedly second best 
method of treatment. Further research will 
develop more effective methods for securing 
healing of femoral neck fractures. 

The classification of patients into 3 groups 
according to associated diseases was helpful 
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for determining the prognosis. The classifi- 
cation may be helpful in deciding the type of 
treatment for a specific patient, e.g., the 
optimal treatment for a group III patient 
with an intracapsular fracture might be 
femoral head substitution, but for a group I 
patient with the same fracture might be 
internal fixation with a Smith-Petersen nail. 


CONCLUSIONS 


A study of 108 patients with fractures of 
the hip treated at the Hospital of the Uni- 
versity of Pennsylvania, mostly by internal 
fixation, suggests the following conclusions: 

1. The hospital mortality as compared to 
the literature was reasonably low, 6.5 per 
cent, but the mortality before weight bear- 
ing was considerably higher, 26 per cent. 
We believe that the 6 months’ mortality is a 
much more realistic figure for comparison of 
the results of various methods and different 
clinics than the use of hospital mortality, 
unless similar hospitals with the same type of 
patient can be compared. 

2. A comparison of the life expectancy of 
our patients following fracture with the life 
expectancy of a group from the middle 
Atlantic states life tables similar to our pa- 
tients in age, sex, and race showed that after 
the first 6 months the life expectancy of our 
patients with fracture is not appreciably less 
than that of the general population, which 
is about 11 years. 


3. These conclusions would lead us to 
suggest that if patients with fracture of the 
hip can be supported through the first 6 
months, they should live for several years. 
Although it is true that the weak members 
of the fracture sample would tend to die in 
the first 6 months, yet 70 per cent of our pa- 
tients lived for 6 months. Every effort should 
be made to see that these patients are sus- 
tained to the maximum. 

4. We suggest that the use of heparin for 
the prophylaxis of pulmonary embolism, 
the liberal use of whole blood before and 
during operation (especially in the patients 
with trochanteric fractures), and the use of 
antibiotics for the prophylaxis of pulmonary 
and wound infections are helpful. 

5. Because so many of our patients had a 
long life expectancy we question the ad- 
visability of using a “‘second best method,” 
e.g., the prosthetic femoral head, in all pa- 
tients with femoral neck fractures, especially 
in those who are in relatively good general 
condition, classified in our article as groups 
I and II. The general condition of the pa- 
tient may be a better criterion for or against 
use of the prosthetic head than an arbitrary 
age, e.g., 75 years. 
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HEMODYNAMIC EFFECTS OF TOTAL CIRCULATORY 


OCCLUSION DURING HYPOTHERMIA 


EMIL BLAIR, M.D., Baltimore, Maryland, RUSSEL ZIMMER, M.S., Eugene, Oregon, 


and LLOYD MARTIN, Denver, Colorado 


REDUCTION IN BLOOD FLOW through the ar- 
terial system results in a reflex constriction 
of the capacity of that system brought about 
by an increase in vasomotor tone, the prin- 
cipal adjustment occurring in the arterioles. 
This reflex effect is found during the Val- 
salva maneuver and has been used by Sarn- 
off and co-workers as a test of the integrity 
of the sympathetic nervous system. 

Total circulatory occlusion, which results 
in cessation of flow, is used rather frequently 
at the present time (in intracardiac surgery 
under hypothermia). A previous study of the 
effect of cessation of flow in patients under- 
going hypothermia indicated that the reflex 
responses to reintroduction of blood flow 
are not markedly altered until the tempera- 
ture of the patient falls below 28 degrees 
C. (1). The present investigation was de- 
vised in order to study these effects under 
controlled laboratory conditions. This re- 
port is concerned with the hemodynamic ef- 
fects of total inflow circulatory occlusion and 
release and the indication of alteration of 
these effects at varying hypothermic levels 
with an attempt to elucidate a possible 
“critical”? level at which the cardiovascular 
reflex mechanisms involved are seriously 
depressed. 

The significant results indicate a begin- 
ning depression of the parasympathetic 
nervous system and baroceptors in hypo- 
thermia noted in the moderately cooled 
group and becoming more severe in the 
deeply cooled groups. The effect on the 
sympathetic nervous system as demon- 
strated by vasomotor tone changes is noted 


From the U. S. Army Research and Development Unit, 
Fitzsimons Army Hospital, Denver, Colorado. 


in the group moderately deeply cooled, but 
the depression becomes more significant in 
a group deeply cooled to below 28 degrees 
C. Upon rewarming the sympathetic reflex 
response returns to normal, but there is no 
uniformity of return of the parasympathetic 
reflex response. 


METHODS AND MATERIAL 


Study was performed on mongrel dogs 
under sodium pentobarbital anesthesia with 
ventilations supported by intermittent posi- 
tive pressure breathing on oxygen at a rate 
of 18 to 20 per minute. Under fluoroscopic 
guidance, catheters were introduced into the 
superior vena cava and into the ascending 
aorta. Pressures were transmitted to Statham 
strain gauge transducers coupled to a carrier- 
type amplifier and recorded. Lead 2 of the 
electrocardiogram was monitored continu- 
ously. The temperature was recorded on a 
thermistor by using either the esophagus or 
the sigmoid as the index of deep body tem- 
perature. Following these preparations, the 
right side of the chest was entered through 
the fourth interspace. The azygos vein was 
doubly ligated, and tapes were placed 
around the superior and inferior venae 
cavae. The inflow occlusion maneuver was 
accomplished by pulling up on the tapes and 
maintaining total inflow occlusion for 3 
minutes. This period of time was selected 
because it remained well within the range of 
safety insofar as preservation of the integrity 
of nervous tissue is concerned, as recom- 
mended by Heymans. At the end of the 3 
minutes, the superior vena cava was re- 
leased and 20 seconds later, the inferior vena 
cava. The electrocardiogram, venous pres- 
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TABLE I.—TOTAL INFLOW CIRCULATORY OCCLUSION AND RELEASE RESULTS AT VARIOUS HYPOTHER- 
MIC LEVELS AND ON REWARMING 


Occlusion 
B.P. stabilization 
at lowest levels, 








Group No.ofstudies Bradycardia Per cent seconds 
A 33 31 94 15-30 
B 7 3 43 15-30 
Cc 10 1 10 30-60 
D 6 3 50 60 
E 14 12 R6 30-60 

A, Normothermic controls (2-7 hours anesthesia) 

B, Moderate hypothermia (35-31° C.) 


C, Moderately deep hypothermia (30-28° C.) 


sure, and the arterial pressure were moni- 
tored continuously during the period of oc- 
clusion and during the first 5 minutes of re- 
lease. Records were then taken 10 minutes 
and 20 minutes after release. 

The study was divided into the following 
groups: group A—normothermic control 
for 2 to 7 hours of anesthesia; group B— 
moderate hypothermia, 35 to 31 degrees 
C.; group C—moderately deep hypothermia, 
30 to 28 degrees C.; group D—deep hy- 
pothermia, 27 to 25 degrees C.; and group 
E—rewarmed. It was found that, upon re- 
warming, the hemodynamic responses were 
the same regardless of the previous hy- 
pothermic level. Therefore, dogs cooled and 
then rewarmed were placed in one group. 


RESULTS 


The sequential hemodynamic events un- 
der normothermic control conditions are 
illustrated in a typical experiment in Figure 
1. Upon total inflow circulatory occlusion, 
the heart accelerates and 30 seconds be- 
fore release of the occlusion, goes into a 
bradycardia. The blood pressure drops pre- 
cipitously and is stabilized at its lowest level 
within 15 to 30 seconds. The blood pressure 
does not drop to zero but is maintained 
around 15 to 25 millimeters of mercury. The 
venous pressure progressively rises, reaching 
its highest level at the time of release. Upon 
release of the superior vena cava, the heart 
accelerates again exceeding the baseline 
preocclusion level. The arterial blood pres- 
sure rises, but not quite to the preocclusion 
level, and then recedes again. This hemo- 


Release 





SVC pattern Percent Overshoot Percent Bradycardia Per cent 
31 94 30 91 30 91 
7 100 5 71 a 57 
10 100 8 80 1 10 
0 0 1 17 1 17 
13 93 12 86 7 50 


D, Deep hypothermia (27-25° C.) 
E, Rewarm 


dynamic change in the arterial blood pres- 
sure has been termed the SVC “pattern.” 
The venous pressure drops promptly toward 
the normal preocclusion level. Upon release 
of the inferior vena cava 20 seconds later, 
the arterial blood pressure and the heart 
rate rise rapidly passing the preocclusion 
baseline levels and, within 30 seconds, 
greatly exceeding the normal levels. The 
peak of this excessive blood pressure re- 
sponse is termed the “‘overshoot,”’ and rep- 
resents a magnitude of increase of blood 
pressure above the baseline preocclusion 
level. This was taken as an index of sym- 
pathetic vasomotor activity. Within a short 
time following this response there is a reflex 
bradycardia. This is a baroceptor response 
(carotid and aorta) to the high blood pres- 
sure. The blood pressure slowly returns to 
normal, approximately 15 to 20 minutes 
following the overshoot. The heart slowly 
resumes its original rate, returns to its 
normal level at about the same time as the 
blood pressure. During this period of time, 
the venous pressure remains essentially 
within normal levels. 

Data concerned with these events in the 
experiments are shown in Table I. There 
were 33 dogs in group A, the normothermia 
controls, of which 94 per cent showed the 
bradycardia during the occlusion. Upon re- 
lease of the superior vena cava, the SVC 
pattern appeared in 94 per cent, and the 
overshoot in 91 per cent with the reflex 
bradycardia again in 91 per cent. In the 
moderate hypothermic group, group B, of 
7 dogs, 43 per cent demonstrated the brady- 
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cardia during occlusion. ‘The blood pressure 
stabilized to its lowest levels in approxi- 
mately the same time as the control normo- 
thermic animals. The SVC pattern ap- 
peared on release in 100 per cent of the 
animals while the overshoot appeared in 
only 71 per cent, and the bradycardia in 
even a smaller number, 57 per cent. In the 
moderately deep hypothermic group, group 
C, only 1 of 10 dogs showed the bradycardia 
during occlusion. Also, it took a bit longer, 
30 to 60 seconds, for the blood pressure to 
stabilize at the lowest level. Upon release, 
all 10 of the dogs demonstrated the SVC 
pattern. Eight, or 80 per cent, showed the 
overshoot, but only 1 had a reflex brady- 
cardia. In the deep hypothermic group, 
group D, 3 of the 6 studied showed the 
bradycardia during the occlusion. It re- 
quired at least 60 seconds for the blood pres- 
sure to stabilize at the lowest levels. Upon 
release, none of the animals showed the 
SVC pattern, and only 1 demonstrated the 
overshoot. These animals, then, showed 
the most marked deviation from normal. In 
the rewarm group, group E, there were 14 
animals rewarmed from various levels of 
hypothermia. ‘Twelve of these, or 86 per 
cent, demonstrated the bradycardia on oc- 
clusion. Blood pressure stabilization re- 
quired 30 to 60 minutes. Upon release, the 
SVC pattern was observed in 93 per cent of 
the animals and 12, or 86 per cent, had the 
overshoot with only 7, or 50 per cent, 
demonstrating the reflex bradycardia fol- 
lowing the overshoot. 

Upon cooling, the mean arterial blood 
pressure was reduced according to the levels 
cooled (Fig. 2). The level of mean arterial 
blood pressure at the peak overshoot was 
significantly depressed only in group D, the 
deeply cooled animals. The rewarmed dog 
demonstrated a degree of blood pressure 
change very much the same as the normo- 
thermic animals. However, the baseline 
blood pressure for the rewarmed animals 
had not returned to the control levels. Fur- 
ther extreme changes were demonstrated in 
the deeply cooled dogs (group D). Figure 3 
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Fic. 1. Illustration of the normal sequence of changes 
in the arterial blood pressure, the venous pressure, and 
the heart rate upon total inflow circulatory occlusion and 
release. Explanation is in the text. 


demonstrates the degree of increase in cen- 
tral venous pressure during the period of 
occlusion. No difference exists as compared 
with the control in moderately cooled 
animals. The animals in the moderately 
deep hypothermic group demonstrated a 
significant reduction in average venous pres- 
sure. The deeply cooled animals demon- 
strated a remarkably smaller degree of ele- 
vation of the venous pressure. The animals 
in the rewarmed group, however, demon- 
strated a normal extent of venous pressure 
rise. 

Changes in heart rate during total cir- 
culatory occlusion are demonstrated in 
Figure 4. Early during the occlusion, i.e., up 
to 1 minute of the occlusion, there is a 
marked acceleration in heart rate in the 
normothermic, the moderately cooled, and 
the rewarmed groups. The acceleration re- 
sponse is not seen in the moderately deep 
and deep hypothermic groups. During the 
later period of the occlusion (the last 30 
seconds), in the control group a significant 
bradycardia developed. This bradycardia 
as a mean value for the group as a whole 
was not significantly present in the hypo- 
thermic animal. Upon rewarming, how- 
ever, the bradycardia on occlusion was 
again demonstrated. 
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Fic. 2. The mean arterial blood pressure is progres- 
sively lower in the deeper cooled groups. The magnitude 
of the overshoot upon release of the occlusion is not al- 
tered until the temperature level is below 28 degrees C. 
Upon rewarming, the overshoot response approaches the 
normal limits. 


DISCUSSION 


The explanation for the events that oc- 
curred during occlusion and during total 
inflow circulatory occlusion and upon re- 
lease are essentially as follows: When the in- 
flow to the heart is completely stopped, the 
blood flow to the arterial tree is suddenly 
arrested. Reflex vasomotor response in the 
form of a marked vasoconstriction, mostly 
in the arterioles but likely involving all of 
the vessels, takes place. This results in a 
markedly constricted capacity in the arte- 
rial system. ‘The increase in vasomotor tone 
and colloid osmotic pressure are likely re- 
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Fic. 3. The effect of cooling on the venous pressure 
during total inflow circulatory occlusion is demon- 
strated. The response is diminished in group C (30 to 
28° C.) and more so in group D (27-25° C.). Upon re- 
warming, the response to the occlusion is again normal. 
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sponsible for the fact that the blood pres- 
sures during occlusion do not drop to zero. 
The elevation in venous pressure is a result 
of damming back of the blood and retention 
in venous system, the capacity of which en- 
larges. The increasing pressure indicates an 
increasing volume of blood on the venous 
side of the circulation. 

Upon release of the superior vena cava, a 
fraction of the blood in the venous system is 
permitted to enter the right side of the heart 
and be expelled into the arterial system. 
This is manifested by an increase in blood 
pressure almost to normal baseline levels. 
Upon release of the inferior vena cava, the 
rest of the blood in the venous system is per- 
mitted to return to the heart. The over- 
shoot that results is due to the introduction 
of a normal volume of blood into a con- 
stricted arterial system. It is likely that the 
stroke volume increased immediately upon 
release of the occlusion, but its contribution 
to the overshoot is secondary to the in- 
creased vasomotor activity in the arterial 
system. This was demonstrated by the aboli- 
tion of the overshoot by a sympathetic 
blocking agent, ‘TEAC, described by Bun- 
nell and associates. The subsequent brady- 
cardia is the classic response of the heart 
from stimulation of the carotid and aortic 
baroceptors. 

As the blood pressure returns to its nor- 
mal level, the stimulus to the baroceptors is 
reduced and, with subsequent reduction in 
vagal activity, the heart rate then resumes 
its normal pace. 

The bradycardia that developed during 
the latter part of the period of occlusion is a 
reflex mechanism mediated by the vagus as 
demonstrated by cutting the vagus. When 
this is done, the bradycardia is abolished. 
The reason for the bradycardia during oc- 
clusion is not known, but it may be due to 
cerebral ischemia. 

Depression of components of the auto- 
nomic nervous system during deep hypo- 
thermia has been demonstrated by Dubecz 
and associates. In the present study, the de- 
pressed autonomic reflex responses begin to 
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appear at around 28 degrees C. and are 
more consistent and more severe in animals 
cooled below 28 degrees C. Furthermore, 
the parasympathetic responses appear to be 
affected sooner and at more moderate levels 
of hypothermia. Also, the parasympathetic 
reflex responses do not consistently return to 
normal levels upon rewarming in agreement 
with the observation mentioned previously. 
It would appear, therefore, that from the 
standpoint of the reflex mechanisms in- 
vestigated in this study and under the condi- 
tions of this study, 28 degrees C. exists as a 
“critical” level below which the reflex re- 
sponses become markedly depressed. Upon 
rewarming, the sympathetic responses, as 
manifested by vasomotor tone, return to 
normal. The changes, therefore, are tran- 
sient. However, the animals remained in the 
hypothermic state for a very short period of 
time. The status of these reflexes in pro- 
longed hypothermia has not been deter- 
mined. 

The reasons for the lower magnitude of 
venous pressure elevation during occlusion 
in the deeply hypothermic group is not im- 
mediately clear. Reasonable speculation 
suggests the following possible explanation: 
(1) During deep hypothermia, there may 
have been a shift in blood volume with a 
reduction in the “effective circulating” 
blood volume, and the adjustments would 
already have been made with regard to 
pressure-flow relationship before the occlu- 
sion was done. (2) Alterations in venomotor 
tone, particularly depression, such that the 
reaction to a shift of the blood volume into 
the venous side of the circuit would not 
elicit the constrictor response, which nor- 
mally results in a higher pressure as ob- 
served in the more moderately cooled group 
and in the control group. 

Recommendations have been issued that 
hypothermia be maintained above 28 de- 
grees C., preferably at around 30 degrees C. 
in the performance of intracardiac surgery. 
The present studies would lend physiologic 
support to this recommendation. Below 28 
degrees C. other adverse difficulties develop 
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Fic. 4. Upon occluding the inflow to the heart, there is 
an acceleration in rate (a reflex response due to the 
rapidly falling arterial blood pressure). This rate increase 
is absent at hypothermic levels below 30 degrees C., but 
returns on rewarming. Late in the period of occlusion, 
there is a reflex bradycardia (vagal) which is absent at 
all levels of hypothermia and present again on rewarm- 
ing. 


such as marked myocardial irritability 
terminating not infrequently in ventricular 
fibrillation. 

The cause for the depressed autonomic 
activity is not fully understood. The reflex 
responses are initiated by virtue of secretion 
of the neurohormones, acetylcholine at the 
parasympathetic nerve endings and, most 
likely, noradrenalin at the adrenergic nerve 
endings. The depression in the response may 
well be due to either a reduction in the 
amount of neurohormones secreted or some 
disturbance in the enzyme metabolism in- 
volved in their respective activities. 


SUMMARY 


Study has been made of the hemodynamic 
events during occlusion and upon release of 
the occlusion in dogs under sodium pento- 
barbital anesthesia at normal body tempera- 
ture and cooled at temperatures from 35 to 
25 degrees C. The maneuver of occlusion 
and release of the inflow to the heart serves 
as a test of the integrity of the autonomic 
nervous system. 

Parasympathetic depression appears at a 
more moderate level of hypothermia than 
the sympathetic depression. Both are mark- 
edly depressed below 28 degrees C., sug- 
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gesting that this temperature might be a 
‘‘critical” temperature level for some essen- 
tial cardiovascular reflex mechanisms. Upon 
rewarming, the sympathetic component 
returns to normal, but there is no uniformity 
in return of the parasympathetic com- 
ponent. The cause for the depression of the 
cardiovascular reflex mechanism during 
cold is not clear. It may be related to the 
status of the neurohormones. 

The results of this study lend support to 
the recommendation that patients should 
not be electively cooled to levels below 28 
degrees C. for cardiac surgery. 


January 1959 
REFERENCES 
1. 


Brair, E., Austin, R. R., Swan, H., and Biounrt, 
S. G., Jr. A study of the cardiovascular changes dur- 
ing cooling and rewarming in human subjects under- 
oing total circulatory occlusion. J. Thorac. Surg., 
1957, 33: 707-718. 
BuNNELL, I. D., Greene, D. G., and Kunz, W. M. 
Influence of TEAC on the circulatory responses to 
the Valsalva maneuver. J. Appl. Physiol., 1951, 
4: 345-350. 
Dusecz, S., Kertat, P., Koxas, F., and Lupany, G. 
Effect of hypothermia on reflex autoregulation of 
blood pressure. Kiser]. Orvostud., 1955, 7: 283-287. 
Heymans, C. Survival and revival of nervous tissue 
after arrest of circulation. Physiol. Rev., 1950, 30: 
375-392. 
Sarnorr, S. J., HARDENBURGH, E., and WHITTEN- 
BERGER, J. L. Mechanism of the arterial pressure re- 
sponse to the Valsalva test. Am. J. Physiol., 1948, 
154: 316-337. 





BL 


LEE 
MER 


BLO 
81,3 
pita 
twee 
pati 
fusic 
repe 
Thi: 
asso 
and 
stan 
trar 
I 
are 
Gro 
bi 
Grot 
he 
hi 


he 
Gro 
lo 
Grot 
in 
tr 
ti 
Dea 
plac 


GRO 


are 
disc 
are 
Fre 
Unive 
Kings 








INT, 
jur- 
der- 


irg., 


$s to 
51, 


: of 
287. 
ssue 


rEN- 


> re- 
048, 





A SIX YEAR STUDY OF INCOMPATIBLE 


BLOOD ‘TRANSFUSIONS 


LEE S. BINDER, M.D., VICTOR GINSBERG, M.D., and 
MEREL H. HARMEL, M.D., Brooklyn, New York 


BLOOD TRANSFUSIONS were administered in 

81,392 instances at the Kings County Hos- 

pital Center during the 6 year period be- 

tween 1952 and 1957. In this interval 30 

patients were reported to have had trans- 

fusions with improper blood. Several were 
reported previously by Hall and Hellman. 

This study will concern itself with the factors 

associated with inappropriate transfusions 

and an analysis of the incidence, circum- 
stance, and clinical course of hemolytic 
transfusion reactions in these 30 patients. 

Incompatible blood transfusion reactions 
are Classified into five major groups: 

Group A—Proof of incompatible blood transfusion 
but without hemoglobinemia or hemoglobinuria. 
Group B—AlIl patients with hemoglobinemia and 
hemoglobinuria but without oliguria (4 patients 
had proof of incompatible blood transfusion, 2 

suspected but unproved [vide infra]). 

Group C—In addition to proof of incompatible blood 
transfusion, hemoglobinemia and hemoglobinuria, 
the presence of oliguria (500 c.c. or less per 24 
hours) for 48 hours or less. 

Group D—Same as group C except for oliguria 
longer than 48 hours. 

Group E—AIl patients who had a bleeding diathesis 
in association with a proved incompatible blood 
transfusion regardless of other clinical manifesta- 
tions. 

Deaths were not treated separately but 

placed in the otherwise appropriate group. 


CasE REPORTS 
GROUP A (CASEs 1 TO 10) 


Table I, in which the data on all patients 
are delineated, will be used as the basis for 
discussion. All of the patients in group A 
are known to have had transfusions with 


_From the Departments of Anesthesiology and Medicine, State 
University of New York, Downstate Medical Center and the 
Kings County Hospital Center, Brooklyn, New York. 


incompatible blood, but because laboratory 
evidence of hemolysis was not demonstrated 
they will only be summarized and not 
presented in detail. 

Nine of 10 patients in group A showed 
incompatibility in the ABO system; the 
Rh antigens were involved in the tenth 
(Case 6). Although laboratory evidence of 
incompatibility was lacking, 7 patients had 
clinical symptoms suggestive of an incom- 
patible blood transfusion reaction. In Cases 
1 to 5 symptoms developed after transfusion 
of less than 100 cubic centimeters of blood, 
1 patient becoming dizzy and having severe 
back pains after only 5 cubic centimeters. 
Each of these 5 patients had transfusions 
with B positive blood. In striking contrast, 
patients in Cases 7 to 10, following trans- 
fusion with 500 cubic centimeters of in- 
compatible blood were with one exception 
(Case 7) symptom-free. The singular lack of 
clinical findings is explained by the fact 
that the patient in Case 7 was AB positive, 
a “universal recipient,’ while patients in 
Cases 8 to 10 received O positive blood 
probably of low antibody titer. It is very 
likely that hemolysis did not take place in 
these patients. Conversely, the symptoms 
showed by the patients in Cases 1 to 4 with 
minimal amounts of blood (25 to 100 c.c.) 
can only be accounted for by a high agglu- 
tinin titer. 

Case 6 is of interest in that it represents 
one of the two reactions in this study result- 
ing from an Rh incompatibility (see also 
Case 20). 


Case 6. The patient, a 72 year old debilitated male 
with carcinoma of the larynx, blood group O negative, 
was given blood empirically to “improve his general 
condition” after prostatectomy. On administration 
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ABLE I.—DATA ON 30 PATIENTS WITH INCOMPATIBLE BLOOD TRANSFUSIONS 


Case No. 
Age —~Blood group__— 
Sex Donor Patient 
1 B+ O4 
25 
F 

2 B+ A+ 
62 
M 

3 B+ O+ 
33 
F 

4 B+ O+ 
20 
F 

5 B+ O+ 
57 
M 

6 oO O 
M 

7 B+ AB + 
F 

8 O4+ B 
84 
F 

9 O+ A+ 
28 
F 

10 O+ A+ 
60 
M 

11 B— O-4 
16 
FE 

12 A+ O+ 
31 
F 

13 B+ A+ 
24 
F 

14 B+ A+ 
25 
F 

15 O+ O+ 
16 
F 

16 A+ A+ 
27 
F 


‘ol. 


incompatible 
blood, c.c. 


100 


150 


500 


500 


500 


500 


——=GROUP B- 


80 


100 


200 


400 


1000 


300 


Presenting symptoms 


—GROUP A—PROOF OF INCOMPATIBILITY_ 


Dizziness; back pain 


Asthma; apprehen- 
sion; sweating 


Abdominal cramps; 
chest pain; 
dyspnea; vomiting 


Back and chest pain 

Rectal and chest 
pain; chills 

Chills, fever 102.4°; 
hypotension (20 


min.) tachycardia 


Chills, fever 104° 


None 


None 


None 


Chest and back pain; 
fever 101.6°; 
vomiting; hypoten- 
sion (1 h) 

Chills; hypotension 
(2 h) 


Chills; sweating 


Chills; lethargy; 
hypertension 


Fever; urticaria; 
hypotension (4 h) 


Pain, particularly in 
lower extremities; 


chills 


Initial therapy 


None 


Epinephrine 1.0 
mgm. i.m.; 


aminophyliine 


0.5 mgm. i.v 
NaHCO; 5% 
iv. 

Benadryl 50 
mgm. i.v. 
NaHCO; 1.0 
gm. p.o. 

None 


Benadryl 50 
mgm. i.m 

Benadryl 50 
mgm. i.v.; '/; 
molar lactate 


i.v. 


None 


None 


None 


None 


HEMOGLOBINEMIA AND HEMOGLOBINURIA 


Benadryl 50 


mgm. i.m 


Levarterenol 


Benadryl 50 
mgm. i.v. 


Veratrone; 
whole blood 
O-+ with 
Witebsky 


Benadryl 50 
mgm. i.v.; 
neosynephrine 
4 mgm. i.m. 

Meperidine 50 
mgm 


Duration 
oliguria, 
days 


Peak 
B.U.N. 
mgm. 
per cent, 
day Outcome 
— Recovered 
Recovered 
Recovered 
= Recovered 
—_ Recovered 


Recovered 


Recovered 


Recovere« 


Recovered 


Recovere: 


- Recovered 


Recovered 


Recovered 


Delivered 
stillborn 
twins, 
re- 
covered 


— Recovered 


Recovered 
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TABLE I. 
Case Ne 
ge _Blood grout 
¢ Donor Patient 
A+ O+ 
I 
18 A+ O+ 
40) 
I 
19 AB+ B+ 
18 
I 
ul O+ O 
28 
I 
?1 AB+ \ 
11 
I 
2 B+ \ 
M 
23 A+ O4 
% 
I 
4 AB+ O+ 
I 
se B+ A 
46 
M 
26 A+ B+ 
71 
M 
27 A+ O4 
$3 
I 
8 A+ O4 
40 
I 
29 B+ O+ 
40 
I 
30 AB+ O+ 
79 
M 
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Vol. 
incompatible 
blood, om 


Presenting symptoms 


_.GROUP C—OLIGURIA LESS THAN 48 HOURS_——_____ 


100 


1500 


500 


GROUP D—OLIGURIA MORE 


2500 


500 


JOU 


500 


500 


2500 


1000(200)* 


1000(300)* 


250 


600 


1000 


*Volume given to onset of symptoms. 





Lumbar pain; chills; 
fever 100.2° 


Slow return to 
consciousness; 
hypotension (5 h) 

Hypotension (38 h); 
tachycardia; air 
hunger 


Hypotension 


Late: nausea and 
vomiting; fever 
100.4° 


Hypertension 


Hypotension (10 h) 
transient ooze 


Chills; fever 104° 


Data incomplete: 
tachycardia; 
hypotension (?); 
chills; fever 104° 


Generalized ooze 


Hypotension (14 h); 
tachycardia (con- 
tinuing); sweating; 
irrational; excessive 
bleeding per 
vagina after 
cesarean section 

Decreased responsive- 
ness; tachycardia; 
hypertension; late: 
excessive postoper- 
ative bleeding; 
fever 106° 

Chills; hypotension; 
late; bleeding from 
mouth and 
rectum 

Generalized ooze; 
hypotension 
disoriented 


GROUP E-—-HEMORRHAGIC DIATHESIS 


DATA ON 30 PATIENTS WITH INCOMPATIBLE BLOOD TRANSFUSIONS-—Continued 





gm.; fresh- 
frozen plasma 
1000 c.c.; 
wound packed 


Peak 
B.LU.LN. 
Duration mgm. 
oliguria, per cent, 
Initial therapy days day Outcome 
None 1 - Recovered 

Levarterenol 1% 41 Recovered 

Levarterenol 143 Died, 

38 hrs 
THAN 48 HOURS 7 —— 

Whole blood 3 54 Recovered 
O+ 4th 

day 

Fluid restriction 1 40 Recovered 
—jntravenous 5th 
therapy day 

Fluid 4 — Recovered 
restriction 

Packed cells: 8 112 Recovered 
whole blood; 10th 
levarterenol day 

Plasma; 13 280) Recovered 
levarterenol 14th 

day 

Whole blood } _— Died, 

O-+ with 4 days 
Witebsky ; 

levarterenol; 

intravenous 

fluids 

Fibrinogen 5 5 158 Died, 
gm. wound 5th 5 days 
packed day 

Whole blood 1's — Died, 
O-+ fibrino- 32 hrs. 
gen 14 gm; 
fresh-frozen 
plasma 400 
c.c. 

Oxygen; 0 -— Died, 
alcohol 3% 
sponge hrs. 

Whole blood; 0 _— Died, 
levarterenol 4% hrs. 

Whole blood; 0 a Died, 
fibrinogen 3 13 hrs. 
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of 150 cubic centimeters of Rh positive blood, he 
had a nonshaking chill, hypotension (90/60) and 
tachycardia (130). He was given 50 milligrams of 
benadryl® and an infusion of sixth-molar lactate. 
Although the chill subsided and the blood pressure 
returned to normal (140/90) in 20 minutes, he had 
fever for the next hour. Hemolysis could not be 
demonstrated, and the patient recovered fully from 
this episode. 


GROUP B (CASES 11 TO 16) 


This group includes all patients with free 
hemoglobin in the blood and urine but with 
a normal output. It is of interest to note that 
as in group A, 3 of the 4 patients who had 
symptoms of incompatibility with the small- 
est volumes of blood were given transfusions 
with group B blood (Cases 11, 13, and 14). 
Also, 2 patients in this group (Cases 15 and 
16), although transfusions were with ap- 
parently compatible blood, had evidence 
of hemolysis. Symptoms, when they oc- 
curred, were quite variable in number, 
severity, and duration. One patient (Case 
14) became hypertensive with the develop- 
ment of the hemolytic reaction, a finding 
more commonly associated with water he- 
molysis. This response was evoked in 2 other 
reactions. This patient, after transfusion 
with incompatible blood, also had minor 
symptoms on administration of correctly 
grouped blood. 


Case 11. A 16 year old female, blood group O 
positive, with high output failure, was given a trans- 
fusion with B negative blood because of her severe 
anemia. After 80 cubic centimeters had been given, 
she became dyspneic and complained of pain in her 
back and chest. The temperature rose to 101.6, she 
vomited, and the blood pressure fell from 120/80 to 
90/40. A catheterized urine specimen obtained at this 
time was grossly bloody. The blood pressure became 
normal within an hour without treatment. The next 
day, the temperature was normal and urine grossly 
and microscopically clear. 

Case 12. A 31 year old female, blood group O 
positive, bleeding briskly because of an incomplete 
abortion, was brought to the operating room for an 
emergency curettage. Immediately following induc- 
tion of anesthesia with cyclopropane, the pulse and 
blood pressure became imperceptible. The anesthetic 
was discontinued, the uterus rapidly evacuated of 
clots and tissue, and a transfusion with A positive 
blood begun. Within seconds, the blood pressure 
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returned to 100/80 and the patient left the operating 
room in fair condition. About 2 hours later, a reaction 
was ushered in with a shaking chill. The blood pres- 
sure, at first 130/110, again became undetectable 

Infusion of levarterenol bitartrate was started, and 
the blood pressure was easily maintained at normo- 
tensive levels for about 2 hours. When the infusion 
was discontinued, the blood pressure remained stable. 
Although free hemoglobin was found in both blood 
and urine initially, at the end of 6 hours it was no 
longer present. 

CasE 13. Following curettage for an incomplete 
abortion, this 24 year old female, blood group A 
positive, was given a transfusion because of hypo- 
tension (80/60). When 200 cubic centimeters of B 
positive blood had been given, the patient complained 
of severe chills. The blood was stopped. The blood 
pressure was 130/80, pulse 100. Treatment consisted 
of 50 milligrams of benadryl® intravenously. The 
urine became pink and then gradually wine-colored. 
The hematocrit showed free plasma hemoglobin. The 
urine output remained normal, the hemoglobinemia 
cleared, and she was discharged 2 days later. 

Case 14. A 25 year old parturient female, blood 
group A positive, with no history of toxemia, was 
given a transfusion because of excessive antepartum 
bleeding. Four hundred cubic centimeters of B positive 
blood were administered in 1 hour. Suddenly, the 
patient had a shaking chill and became very lethargic. 
The blood pressure rose from 120/80 to 200/160. The 
hypertensive crisis was treated with veratrone®, 
and the blood pressure gradually returned to 120/100. 
Her blood was regrouped and found to be A positive; 
but when transfusion with A positive blood also caused 
chest pain, she was given O positive blood with added 
A and B specific substance. The next day, she was 
delivered of dead twins. Post partum, the uterus 
tended to relax. Bleeding from the episiotomy wound 
was noted, but this was easily controlled by the 
placement of deep sutures. Although hematuria was 
obvious, urine output remained good. A single blood 
urea nitrogen determination was within normal limits. 

Case 15. A 16 year old female, blood group O Rh 
positive, was given a transfusion with 1,000 cubic 
centimeters of O positive blood for excessive intra- 
partum and postpartum hemorrhage. Within 2 hours. 
she exhibited a generalized urticaria, and her blood 
pressure fell from 120/80 to 80/50. The pulse remained 
at 104. She was given 50 milligrams of benadry! 
intravenously and 4 milligrams of neosynephrine 
intramuscularly. The blood pressure rose and the 
urticaria diminished. Blood and urine samples both 
revealed free hemoglobin, but re-examination of the 
transfused blood again showed it to be O positive. 
Recovery was uneventful. A minor group incompati- 
bility was suspected, but as the original donors were 
unavailable it could not be confirmed. 

Case 16. A 27 year old female, following transfusion 
with 300 cubic centimeters of presumably compatible 
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A positive blood, had a nonshaking chill and gen- 
eralized aches. A blood sample was drawn which 
revealed free hemoglobin. The urine was grossly 
bloody. Indirect Coombs’ tests were negative for 
both donor and recipient blood. However, the blood 
had been issued previously to another patient and 
returned unused. In the absence of any evidence one 
can only speculate that in the course of its travels 
the blood may have hemolyzed to such an extent that 
it caused overt signs and symptoms of hemolysis 
when it finally was administered. 


GROUP C (CASES 17 TO 19) 


This group characterized by oliguria of 
48 hours or less consists of only 3 patients. 
One patient died (Case 19). 


Case 17. A 47 year old female, blood group O 
positive, was admitted with high output failure. She 
had severe anemia, a hemoglobin of 2 grams, and a 
hematocrit of 16 per cent. With the transfusion of 
100 cubic centimeters of A positive blood, chills and 
lumbar aches developed followed by an elevation 
of temperature to 100.2. A urine specimen was wine- 
colored. The blood pressure was monitored every 
15 minutes for 8 hours and no abnormality was ob- 
served. However, the 24 hour urine output fell to 
400 cubic centimeters, and it returned to normal only 
during the second day. 

Case 18. During a radical vulvectomy and groin 
dissection for carcinoma of the vulva, a 40 year old 
female, blood group O positive, received 1,500 cubic 
centimeters of incompatible A positive blood. She 
exhibited no immediate signs of hemolysis but re- 
mained unconscious postoperatively longer than could 
be accounted for by the anesthetic. Suddenly, the 
blood pressure dropped to 90/50 and then became 
undetectable. An infusion of levarterenol bitartrate 
was begun, and her pressure was maintained at 90/60 
for about 5 hours. The plasma and urine both re- 
vealed free hemoglobin. ‘The first 24 hour urine out- 
put was 380 cubic centimeters, an unremarkable 
finding in view of the extensive pelvic operation; the 
second day’s output was 1,700 cubic centimeters. 
However, 2 weeks later, 2 consecutive Fishberg con- 
centration tests yielded specific gravities of 1.010. 
Unfortunately, the absence of pre-existing renal disease 
was not established prior to operation. 

Case 19. The patient, an 18 year old primigravida, 
was brought to the operating room for cesarean 
section because of protracted labor and secondary 
uterine inertia. The physical examination was un- 
remarkable. A hematocrit determination showed the 
plasma to be slightly icteric. Her blood group was 
reported as AB positive. Only one bottle of AB posi- 
tive blood was available; therefore, a bottle of O 
positive blood with added A and B specific substances 
was also prepared. 
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Operation was begun under spinal anesthesia. For 
reasons not made clear in the record both bottles of 
blood (AB positive and O positive) were given to the 
patient during the operation. The order of administra- 
tion is unknown. Toward the end of the hour pro- 
cedure, the blood pressure fell precipitously and the 
pulse rose to 170. The operation was completed 
rapidly. There is no indication that supportive therapy 
was undertaken and the patient was returned to the 
ward still hypotensive. After return to the ward an 
infusion of levarterenol bitartrate was begun. The 
hemotocrit at this time was 32 per cent and the 
plasma fraction was again noted to be a deep yellow. 
Urine could not be obtained by catheterization. The 
patient’s condition did not improve during the night. 
Thirteen hours postoperatively, 30 cubic centimeters 
of mahogany-colored urine were obtained. The blood 
was then regrouped and discovered to be B positive, 
not AB positive. 

Despite supportive therapy including compatible 
whole blood and increasing concentrations of levar- 
terenol, the patient deteriorated steadily. In the 
ensuing hours, her temperature rose to 105 degrees. 
Terminally, blood was noted to ooze from previous 
puncture wounds. The patient died about 38 hours 
after the cesarean section. 

Autopsy revealed: extensive necrosis of the liver; 
necrotizing and hemoglobinuric nephrosis; pulmonary 
and cerebral edema; and peritoneal and extra- 
peritoneal hemorrhage of about 800 cubic centimeters. 


GROUP D (CASES 20 TO 25) 


There are 6 patients in whom oliguria 
lasted for more than 48 hours. One patient 
died (Case 25). Case 20 exhibited Rh in- 
compatibility (see Case 6). Case 22 is one 
of 3 (see Cases 14 and 28) in which the 
transfusion reaction was associated with 
hypertension. 


Case 20. After spontaneous delivery of a 790 gram, 
macerated fetus, this 28 year old female, blood group 
O negative, continued to lose an estimated 1,000 
cubic centimeters of blood. Because O negative blood 
was not available, Coombs negative, O positive blood 
was used; 2,500 cubic centimeters of this blood were 
administered in 90 minutes, following which a venous 
sample revealed a clotting time of 514 minutes. The 
clot remained stable after an hour. However, the 
patient continued to bleed, and as the blood pressure 
had fallen from 110/70 to 80/40, a*hysterectomy was 
performed. 

During the operation, the patient received an ad- 
ditional 2,500 cubic centimeters of O positive blood; 
but she remained hypotensive and had a tachycardia 
of 144. However, at the end of the procedure, after 
having been hypotensive for approximately 4 hours, 
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the blood pressure rose to 100/80 and the pulse came 
down to 88. Hemostasis was judged to be good. Clot- 
ting time was 4 minutes; clot remained stable. 

The next morning, the patient, obviously icteric, 
had excreted only 300 cubic centimeters of dark red 
urine. The 24 hour output was 500 cubic centimeters. 
Fluids were restricted, and 2 days later she had 
diuresis. Blood urea nitrogen at that time was 54 
milligrams per cent. Serologic titration of her blood 
at a later date revealed a high D antibody titer 
(1:512 dilution). 

Case 21. An 11 year old female, blood group A 
positive, was given a transfusion of 500 cubic centi- 
meters of AB positive blood during the course of 
operation for a congenitally dislocated hip. Her opera- 
tive and immediate postoperative course was un- 
complicated by fever, tachycardia, hypotension, or 
prolonged unconsciousness. The next day she vomited 
several times. Because she had not voided for 24 
hours, a catheter was passed and 450 cubic centimeters 
of grossly bloody urine were recovered. Her fluid 
input was restricted to about 600 cubic centimeters 
more than her output. On the second postoperative 
day when good bowel sounds were present she was 
placed on a high carbohydrate, high fat diet. This 
she tolerated well and on the fourth postoperative 
day, her urine output exceeded 1,000 cubic centi- 
meters. The remainder of her convalescence was 
unremarkable. 

Case 22. The patient, a 65 year old male with 
carcinoma of the gallbladder, blood group A positive. 
was given a transfusion of 700 cubic centimeters of 
incompatible B positive blood during operation. The 
blood pressure gradually rose from 140/80 to 230/110 
and slowly returned to normal in the following 8 
hours. Both hemoglobinemia and hemoglobinuria 
were present. Although he was not hypotensive at 
any time, severe oliguria developed. He was fed intra- 
venously with 10 and 15 per cent glucose solution. 
After 5 days he had diuresis and eventually recovered. 

Case 23. A 36 year old pre-eclamptic female, blood 
group O positive, had a hysterectomy because of 
postpartum bleeding and uterine atony. Preopera- 
tively, the patient received 3,000 cubic centimeters 
of O positive blood, and during the 114 hour pro- 
cedure, an additional 2,000 cubic centimeters were 
administered. The blood pressure remained at its 
preoperative level of 190/130, but the pulse increased 
to 120 to 140 per minute. Toward the end of the 
operation, a generalized ooze developed. According 
to the record, this was successfully controlled with 
calcium gluconate, but inspection of the bottles of the 
previously transfused blood revealed one to have 
contained A positive blood. 

Postoperatively, the blood pressure fell to 120/90, 
but it was returned to her normal hypertensive level 
and maintained for 3 hours with levarterenol bitar- 
trate. Meanwhile, an additional liter of O positive 
blood was given; and when the vasopressor was 
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discontinued, the blood pressure remained stable. The 
24 hour urine output was 500 cubic centimeters, and 
only on the eighth postoperative day did she suddenly 
excrete 3,050 cubic centimeters of dilute urine. The 
peak blood urea nitrogen of 112 milligrams per cent 
occurred 2 days later. Her initial postoperative course 
was further complicated by 3 convulsions in the first 
2 days, acute psychotic depression for 5 days, wound 
hematoma, and urinary tract infection. She recovered 
eventually and was discharged 46 days after her admis- 
sion. 

Case 24. Because of : apid bleeding postpartum from 
multiple vaginal tears, a 24 year old female, blood 
group O positive, was inadvertently given a transfusion 
of 500 cubic centimeters of AB positive blood in 15 
minutes. Suddenly, she had shaking chills, followed 
by a temperature rise to 104 degrees, and during the 
next 4 hours her blood pressure slowly fell to hypo- 
tensive levels. However, she responded well to 
levarterenol bitartrate and other fluids, and within 2 
hours she was successfully weaned from the vasopres- 
sor. In spite of the relatively mild clinical picture and 
the use of large doses of sodium lactate and bicar- 
bonate, her urine output fell. to less than 100 cubic 
centimeters per day. She was treated initially with 
intravenous glucose. Fluids were restricted to 1,000 
cubic centimeters plus her output. When oral feedings 
could be tolerated, she was placed on a high carbo- 
hydrate, high fat. low sodium diet consisting prin- 
cipally of rice and butter. On the twelfth postoperative 
day, she excreted 300 cubic centimeters of urine for 
the first time. Finally, on the thirteenth day of renal 
shutdown, she voided 2,600 cubic centimeters of 
dilute urine. Blood urea nitrogen determined 2 days 
later was 280 milligrams per cent. The patient re- 
covered slowly and was discharged a month later. 

Case 25. A 36 year old male, blood group A posi- 
tive, admitted with multiple cerebral and long bone 
injuries, underwent a craniotomy for subdural and 
epidural hematomas. In the 10 hour period sur- 
rounding the operation, the patient received 2,500 
cubic centimeters of incompatible B positive blood. 
When the error was discovered, he was transfused 
with compatible blood and plasma. Although the 
blood pressure became normal, he remained un- 
responsive, his speech unintelligible, and his posture 
decerebrate. The patient deteriorated steadily be- 
coming more spastic and comatose. The total urine 
output was 200 cubic centimeters of muddy fluid. 
Forty-eight hours later in a desperate effort to de- 
compress the brain, a second craniotomy was under- 
taken. However, the respiration became rapid and 
irregular, the blood pressure fell to 70/40, the pulse 
rose to 140; and as the brain bulged out of the wound 
under considerable pressure, the procedure had to be 
abandoned. The patient died 4 days later. At autopsy, 
there was no evidence of bleeding into any serous 
cavity, and the positive findings were limited essentially 
to the fracture sites and brain. 
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GROUP E (CASES 26 TO 30) 


This group consists of 5 patients in whom 
intractible bleeding developed with incom- 
patible blood transfusion. All of the patients 
in this group ultimately died. Only 1 (Case 
26) survived long enough for kidney damage 
to contribute to his death. In 3 patients 
(Cases 27, 29, and 30) hypotension was a 
prominent initial finding, 1 (Case 28) be- 
came hypertensive and 1 (Case 26) re- 
mained normotensive. 


Case 26. In the course of a partial cystectomy under 
spinal anesthesia for carcinoma of the bladder, a 71 
year old male, blood group B positive, was transfused 
with A positive blood. Two hundred cubic centimeters 
had been administered within a half hour when a 
generalized ooze became apparent. The blood pressure 
and pulse, however, were unchanged. The wound was 
closed, and with the patient still on the table, an 
additional 800 cubic centimeters of incompatible 
blood was administered. The patient continued to 
bleed. Acentrifuged venous specimen revealed hemoly- 
sis; and on regrouping, his blood was shown to be B 
positive and not A positive. Five grams of fibrinogen 
were given, and the wound was reopened and packed. 
I'wo hours later, the bleeding had essentially stopped. 
Although the patient’s blood pressure had remained 
normal throughout he became anuric (25 c.c. in 14 
hours). His course was complicated by progressively 
severe ileus presumed to be due to hyperkalemia, and 
he died in 5 days with the kidneys still not functioning. 

Autopsy revealed hemoglobin casts in the renal 
tubules and congestion of the viscera. No serous 
collections of blood were found. 

Case 27. Because of sepsis and excessive blood loss 
incident to a cesarean section for amnionitis, a 43 
year old primigravida was transfused postoperatively 
with A positive blood. Forty-five minutes later, follow- 
ing the administration of about 300 cubic centimeters 
of blood, the patient became irrational. She was 
sweating profusely, and about 1,500 cubic centimeters 
of dark liquid blood were found in the bed. The blood 
pressure was unobtainable. Uterine atony was diag- 
nosed. The remaining 200 cubic centimeters in the 
first bottle of blood were pumped in rapidly followed 
by an additional 500 cubic centimeters of incompatible 
A positive blood. Meanwhile, to crossmatch more 
blood, a venous sample was taken which revealed 
the patient to be O positive and not A positive. 

Massive transfusion with O positive blood and 
fibrinogen was instituted. In the ensuing 7 hour 
period, the patient received 11,000 cubic centimeters 
of O positive blood and 14 grams of fibrinogen. 
With transfusion, the blood pressure rose to 90/60; 
but tachycardia of 160 persisted, and she continued 
to bleed from the nose, mouth, and vagina. 
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When the supply of fibrinogen was temporarily 
exhausted, fresh-frozen plasma was used; and for the 
first time, 9 hours after the initial episode, clot forma- 
tion became evident. Finally, 14 hours after the initial 
episode all bleeding apparently stopped. She had 
received 15,000 cubic centimeters of whole blood, 
22 grams of fibrinogen, and 700 cubic centimeters 
of fresh-frozen plasma. The clotting time was 3 
minutes, and both clot retraction and stability were 
good. The hemoglobin was 12 grams, hematocrit 30 
per cent, and the platelets were adequate. The blood 
pressure was 100/66, pulse 140. The urine output 
totaled 225 cubic centimeters of wine-colored fluid. 

Four hours later, the blood pressure fell to 70/40. 
Examination showed that the uterus had again become 
flaccid and that vaginal bleeding had recommenced. 
Clotting time was 5 minutes and clot retraction was 
good. Immediate subtotal hysterectomy was _ per- 
formed under general anesthesia. On opening the 
abdomen, 2,000 cubic centimeters of liquid blood 
and clots were found. During the procedure the 
patient was transfused with 1,500 cubic centimeters of 
O positive blood and 3 grams of fibrinogen. The blood 
pressure rose to 100/60, but the pulse rate of 140 
persisted. 

Because of the tachycardia, rapid prophylactic 
digitalization was begun postoperatively. Four hours 
after the second operation, the blood pressure again 
fell to 70/40. No overt bleeding was found at this 
time. An infusion of levarterenol bitartrate had only a 
transient effect. The patient deteriorated rapidly and 
expired 7 hours later. 

During the course of the 32 hours, the patient had 
received 16,500 cubic centimeters of O positive blood, 
25 grams of fibrinogen, 700 cubic centimeters of 
fresh-frozen plasma, and 3,000 cubic centimeters of 
other fluids. Autopsy revealed: “several thousand 
cubic centimeters” of liquid blood and clots in the 
peritoneal and retroperitoneal spaces; gross and micro- 
scopic evidence of renal nephrosis; partial pulmonary 
atelectasis; and agonal liver necrosis. 

Case 28. Following colpoplasty, a 40 year old 
diabetic patient had a pulse rate of 140 and a blood 
pressure of 80/50. Five hundred cubic centimeters 
of O positive blood were transfused rapidly. The 
blood pressure was elevated to 160/70, but the 
tachycardia persisted. A second transfusion was 
started; but after 250 cubic centimeters had been 
administered over a half hour period, a generalized 
rash developed. The blood was discontinued and 
inspection of the bottle showed that the blood was A 
positive, not O positive. Within the next 45 minutes, 
the urine, which had previously been clear, became 
mahogany-colored. A blood specimen revealed free 
hemoglobin. For the first time the patient began to 
bleed significantly from the vagina. In spite of trans- 
fusions with compatible blood and vasopressors, the 
patient’s blood pressure could not be sustained. The 
temperature rose to 106 degrees, and the patient 
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TABLE II.—YEARLY INCIDENCE OF INCOMPATIBLE 
BLOOD TRANSFUSIONS 


Incompatible transfusions. 


No. of 
Yer A RB C D E Total transfusions Incidence 
1952 0 1 1 1 1 4 13,346 1:3337 
1953 2 1 1 1 0 5 14,251 1:2850 
1954 1 1 1 0 1 4 13,145 1:3286 
1955 1 ~~ @ F 2 7 14,340 1:2049 
1956 6 «@ 1 0 4 13,764 1:3441 
1957 a. © @ 2 1 6 12,546 1:2091 
Total 10 6 3 6 5 30 81,392 

Mean yearly incidence: 1:2442+ 630 


died about 3% hours following the transfusion of only 
250 cubic centimeters of incompatible A positive 
blood. An autopsy was not obtained. 

Case 29. This case shows that the bleeding diathesis 
may be hidden and only become overt terminally. The 
patient, a 40 year old female, on becoming hypo- 
tensive during hysterectomy, was transfused with 
500 cubic centimeters of B positive blood. Immediately 
after operation, her blood pressure tended to fall 
again, and administration of a second bottle of B 
positive blood was begun. After 100 cubic centimeters 
of this blood had been given, the patient suddenly be- 
gan to have shaking chills. The transfusion was stopped 
immediately. A sample of blood drawn at this time 
showed free plasma hemoglobin. A neosynephrine® 
infusion was started, and the patient was returned 
to the ward. Regrouping of her blood proved it to 
be O positive and not B positive. O positive blood 
was pumped in rapidly under pressure and a levar- 
terenol bitartrate infusion was substituted for the 
neosynephrine. After transfusion of 2,500 cubic 
centimeters of O positive blood, the patient’s pressure 
was maintained at 110/70. Suddenly, about 2 hours 
after the start of transfusion, the patient gasped and 
unexpectedly died. At this moment, blood appeared 
at the mouth and rectum. 

At autopsy, bleeding from all mucous membranes 
was found. In addition, between 1 and 2 liters of 
unclotted blood was seen in the abdominal cavity. 
The ligatures were checked and all were secure. 

Case 30. A 72 year old male, blood group O 
positive, became hypotensive during a suprapubic 
prostatectomy under spinal anesthesia. When he did 
not respond adequately to small increments of 
methamphetamine, 1,000 cubic centimeters of AB 
positive blood were administered. In spite of these 
measures, and although the blood loss was thought 
to be relatively small, the blood pressure became un- 
detectable and only occasionally palpable at 60 
millimeters. At the end of operation bleeding from 
the suprapubic catheter suddenly became excessive. 
The wound was reopened. A generalized ooze was 
seen, but when no bleeding point was found, the fossa 
was repacked and the wound again closed. Venous 
blood samples revealed a hemolyzed plasma and 


unclottable blood. Massive transfusion with O positive 
blood was instituted. In addition, 3 grams of fibrinogen 
and 500 cubic centimeters of fresh-frozen plasma were 
administered without demonstrable effect. 

Eight hours following the onset of symptoms, the 
patient could respond weakly to questions for the 
first time. His blood pressure was maintained with 
the aid of a neosynephrine infusion at 90/60 and 
the pulse at 100 to 120. However, he continued to 
bleed and had by then received 19 bottles of O 
positive blood. Blood studies revealed a hematocrit 
of 60 per cent and a clotting time of 5 minutes, but 
with a clot of poor quality, an inconclusive protamine 
titration, and marked thrombocytopenia. 

In an attempt to deliver platelets and other blood 
coagulation factors to the patient, he was given 500 
cubic centimeters of fresh blood by direct transfusion. 
Five minutes later, 13 hours after the first bottle of 
blood was begun, the patient died. No autopsy was 
obtained. 


ANALYSIS OF DATA 


Of the 30 cases presented, it was proved in 
28 that the patient had been transfused with 
incompatible blood. Twenty-six of the in- 
compatibilities were in the ABO antigen 
system and 2 in the Rh system. The nature 
of the incompatibility could not be estab- 
lished in the remaining 2 patients (Cases 15 
and 16), but as they had clinical and 
laboratory evidence of hemolysis they are 
included in this series. 

The total or 6 year incidence of incom- 
patible blood transfusions in this hospital 
center is 1: 2,713 (30: 81,392). This figure 
differs from the incidence of hemolytic 
transfusion reactions because while all 10 
patients comprising group A were trans- 
fused with incompatible blood, none was 
proved to have sustained a hemolytic 
transfusion reaction. In addition, 2 patients 
in group B were transfused with outwardly 
compatible blood and their hemoglobinemia 
and hemoglobinuria may conceivably have 
not been caused by a hemolytic transfusion 
reaction. If only those patients with proved 
hemolytic reactions are considered, 18 
cases are left. This gives a total 6 year in- 
cidence of hemolytic reactions of 1: 4,520. 

The significance of this figure is difficult to 
evaluate. Probably it is conservative; for 
while it is improbable that the more severe 
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reaction would have been undiagnosed, it 
seems likely, in view of our experience and 
that of Bull and associates that some milder 
incompatible transfusions may either not 
have become clinically manifest or may 
have been confused with pyrogenic or al- 
lergic blood reactions. In either event, he- 
molysis may not have been sought for and 
the reaction not diagnosed. It is believed 
that the true incidence of hemolytic reac- 
tions probably lies somewhere between 1: 
2,710 and 1: 4,520 for 81,392 transfusions. 

An assessment of this estimated incidence 
may only be made by comparing it with 
data from institutions having a comparable 
experience with blood transfusions, .e., 
hospitals in which an equivalent yearly 
volume of blood is expended. Unfortunately, 
the modern literature does not appear to 
provide these data. 

A more useful figure, one which can be 
subjected to statistical analysis, is the mean 
yearly incidence of incompatible blood 
transfusions. The incidence by years is 
plotted in Table II. The mean is 1: 2,842+ 
630. This figure can be projected into the 
future and hence may be used to ascertaim 
the possible effects of procedural and ad- 
ministrative changes in blood grouping and 
handling on the incidence of incompatible 
transfusions. 

Several such reforms were made in the 
past 6 years. These included the labelling of 
recipient and donor tubes with pasters; 
inclusion of the patient’s chart number on 
the requisition form; the using of printed 
labels and a color code on the bottles; and 
finally, the introduction of a sheet contain- 
ing the patient’s blood group which the 
responsible physician must sign each time a 
transfusion is given. In spite of these re- 
forms, the yearly incidence of incompatible 
transfusions has remained remarkably con- 
stant (Table II). This fact indicates that the 
changes listed did not have the desired 
effect on the incidence of incompatible 
transfusions. Indeed, in 1955 and 1957, the 
incidence, for no apparent reason, was 
significantly higher. The constancy of this 


TABLE III.—ERRORS ASSOCIATED WITH INCOM- 
PATIBLE BLOOD TRANSFUSION 


No. of cases 
ee err ee K 
I sek bb caves ecncedakeedins 7 
Interchanged recipient tube...................... 6 
 25i55 85 %250% 3 
ese carl e.g EOE CTT TT 1 
Unknown 2 


Interchanged donor (pilot) tube... . . 
Clerical error........ eer oe 
Deliberate Rh “incompatible” blood... . . 
Possible minor group incompatibility. . . 
Possible hemolyzed old blood............. 
Incompatible blood, error undeterminable. . 
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incidence in the face of continuing reforms 
suggests an almost irreducible human 
error, one that may be inherent in a large 
municipal hospital. 

The same conclusion is reached when the 
errors are analyzed (Table III). With the 
possible exception of the last 4 errors classi- 
fied, the vast preponderance is human. The 
responsibility seems to be divided equally 
between the ward and the blood bank. 
Misgrouping of blood continues to be the 
most common mistake, always followed 
closely by the inadvertent substitution of one 
patient’s blood for another. Recipient pilot 
tubes have been interchanged with equal 
frequency in the ward and in the blood 
bank. Clerical errors have occurred both in 
writing of the requisition for blood and in 
its interpretation. In one instance 2 patients 
in a single ward had the same first and last 
names, but unfortunately not the same 
blood group. The persistence of the same 
human errors in the same order of fre- 
quency in spite of extensive efforts to 
eradicate them also suggests their inherent 
irreducible quality. 

During the period of the study, 7 patients 
died following incompatible blood trans- 
fusions. This is an incidence of 1 death in 
11,625 transfusions. Wiener collected 8,238 
transfusions from the literature of the early 
1940’s which yielded an average of 1 death 
in 915 cases. In a similar review of the 
literature by Kilduffe and DeBakey covering 
43,284 transfusions, 1 death occurred in 962 
cases. More recently, an editorial in the 
British Medical Journal (7) reported an un- 
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TABLE IV.—RELATION OF VOLUME OF INCOM- 
PATIBLE BLOOD TRANSFUSED TO SEVERITY OF 
REACTION 


———— — an 

Volume, c.c. A B c D E Total 
<100 5 2(1) 0 0 0 7 

101-200 1 1 1 0 1 

201-300 0 1 0 0 1 2 
301-400 0 1 0 0 0 1 
401-500 4 0 1(1) 3(2) 0 8 
> 500 0 1 1(1) 3(2) 3(3) 8 

Note: Figures in parenthe sis denote transfusions given during opera- 


tion, 


identified London hospital to have a 6 
year incidence of-1 death for every 13,000 
bottles of blood used. 

A hemorrhagic diathesis appeared in 5 
of the 30 patients receiving incompatible 
blood. ‘This figure compares with that re- 
ported by Muirhead in which 9 of 37 pa- 
tients or 24 per cent displayed this hemor- 
rhagic disorder. 

However, of the 7 deaths in this study, 
5 were directly associated with the develop- 
ment of a coagulation defect. Only 1 patient 
(Case 26) survived the initial hemorrhage. 
This patient, along with complete anuria, 
had progressive small and large bowel dis- 
tention. Replacement therapy was thus com- 
plicated enormously. It was thought that 
the ileus may have been due to hyperkalemia; 
but laboratory evidence was absent, and 
the patient died in shock on the fifth post- 
operative day. 

The authors believe that the other 2 deaths 
(Cases 19 and 25) were due to the patients’ 
disease and the hemolytic reaction was only 
of secondary contributory importance. The 
clinical course and laboratory findings in 
Case 19 strongly suggest progressive liver 
failure, while in Case 25 the patient un- 
doubtedly died of multiple cerebral injuries. 

The mortality rate from transfusion re- 
actions regardless of severity, as compiled by 
Kilduffe and DeBakey, is 58 per cent. 
Muirhead’s later report compiled over a 10 
year period and including data from several 
relatively small hospitals reveals 10 deaths 
in 28 major reactions, a mortality rate of 
37 per cent. 

One of the factors which must be con- 
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sidered along with the antigen system and 
antibody titer of donor and recipient blood 
is the volume of blood transfused. When 
volume transfused is plotted against severity 
of reaction (Table IV), the tendency for 
the severity to increase with volume becomes 
clear. In the 11 patients who were trans- 


fused with less than 200 cubic centimeters of 


incompatible blood, only 1 reaction (Case 
26) or 9 per cent was classified as severe 
(group D or E). In contrast, 10 or 53 per cent 
of the 19 patients transfused with more than 
200 cubic centimeters had severe reactions. 
However, large volumes of incompatible 
blood are not necessarily associated with 
death (Cases 18 to 20). 

The 10 incompatible transfusions given 
under anesthesia are indicated in Table IV 
by the figures in parentheses. These cases 
are to be reported elsewhere in detail (1). 
In brief, because the signs and certainly the 
symptoms of a hemolytic reaction are masked 
by anesthesia and surgery, they represent a 
special problem in identification. The only 
signs of consequence are hypotension, which 
failed to appear in 3 cases (Cases 21, 22, and 
26); and a generalized ooze, which developed 
in but 3 of the 10 cases during the time of 
operation. Unfortunately, a hemorrhagic 
diathesis and particularly hypotension may 
derive from a great variety of causes from 
which a transfusion reaction must be dif- 
ferentiated. Often the etiology of hypo- 
tension is misdiagnosed and treated with 
still more incompatible blood. Hence, con- 
sidering the difficulties of arriving at a 
diagnosis during operation, it is not surpris- 
ing that of the 13 patients having clinical 
reactions following transfusion with 300 
cubic centimeters of blood or more, 70 per 
cent were undergoing operation. Also, 7 
of the 11 most severe reactions (groups D 
and E) began during operation. 

The signs and symptoms exhibited by the 
patients are summarized in Table V. Chills, 
fever, and assorted pains, suggested by Gil- 
ligan and coworkers to be caused by re- 
lease of hemoglobin into the plasma, seem 
to occur most often among patients who 
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sustained the milder reactions; while in the 
more severe reactions hypotension and in- 
tractable bleeding seem to be more promi- 
nent. This difference may not be real, 
because 73 per cent of the severe reactions 
were masked by anesthesia and surgery. In 
contrast, only 33 per cent of the milder 
reactions (groups B and C) occurred during 
operation. Nor could one predict from the 
patient’s clinical manifestations whether or 
not acute renal failure would ensue. 

The pathogenesis of the acute renal failure 
which can result from an incompatible 
transfusion is unresolved. The possible role 
of hemoglobin was suggested by the studies 
of Mason and Mann and Hesse and Filatov 
who showed in animals that renal vasocon- 
striction occurred with intravenous ad- 
ministration of hemolyzed blood. However, 
Maluf, Parsonnet and associates and Rosoff 
and Walter, when attempting to produce 
hemoglobinuric nephrosis experimentally, 
noted that other factors such as dehydration 
or occlusion of the renal artery had to be 
present concomitantly in order to have con- 
stancy of results. Yuile and coworkers and 
Mueller and Mason also showed in dogs 
that unless other events such as renal 
ischemia had occurred, hemoglobinuria 
was relatively harmless. 

Several factors may exist in the clinical 
situation which may act singly or in concert 
to produce renal ischemia: 

1. Shock. Corcoran (5), Lauson, and their 
collaborators have shown convincingly that 
systemic hypotension and shock can pro- 
duce renal vasoconstriction and decrease 
renal blood flow. Phillips and Hamilton 
indicate if ischemia is of long duration, 
renal damage may occur. 

2. Effect of hemoglobin. Renal ischemia 
may be potentiated by hemoglobinemia; for 
it has been noted by Hesse and Filatov, 
Mason and Mann, and Phillips and Hamil- 
ton that excretion of urine is consistently 
decreased during infusion with lysed blood. 

3. Blood loss. Even when the blood pres- 
sure is well maintained, the classic works 
of Corcoran and Page and Van Slyke show 


TABLE V.—SIGNS AND SYMPTOMS 


Group 

D E 
3 
1 
1 





Hypotension... . 4 


Generalized 

bleeding. . 
Change in 

sensorium.... 
Tachycardia... . 
Lumbar pain... 
Chest pain...... 
Hypertension. . . 
Diaphoresis.. . . . 
Nausea and 

vomiting 
Dyspnea 
Urticaria 
Dizziness... .... 
Leg pain 


SC i. 


war u 


w 


Abdominal pain. 
Rectal pain... 


— ee et et TOY 


that graded hemorrhage produces a fall in 
renal plasma flow thus indicating that one 
response to acutely decreasing blood volume 
is renal vasoconstriction. 

4. Anesthetics. The extremely complex 
effect of renal blood flow was studied by 
Habif and coworkers and Burnett and asso- 
ciates. Their results indicate that cyclopro- 
pane, ether, and intravenous barbiturates 
evoke a decrease in renal plasma flow and 
glomerular filtration rate and a rise in the 
filtration fraction. These changes occur 
shortly after induction of anesthesia and 
are generally interpreted as evidence of 
marked intrarenal vasoconstriction. In con- 
trast, the studies of Smith and associates 
show that renal plasma flow does not seem 
to be affected by spinal anesthesia. 

5. Levarterenol bitartrate. The effect of 
levarterenol bitartrate on renal blood flow, 
when used in the therapy of hypotension, 
is not resolved. Animal experiments by 
Frank and associates and Marson indicate 
that renal flow is further decreased. Con- 
trary results are obtained by Moyer and 
associates with less severe degrees of hypo- 
volemia in both animals (19) and humans 
(20); but their data reveal that renal blood 
flow may remain subnormal in some in- 
stances. 

To evaluate the possible effect of these 
factors on the renal dysfunction, a plot is 
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TABLE VI.—STATUS OF PATIENTS IMMEDIATELY PRECEDING AND FOLLOWING INCOMPATIBLE BLOOD 
TRANSFUSION AND ITS RELATION TO THE DEVELOPMENT OF OLIGURIA 


—__—_________Before transfusion. 








After transfusion. 


Active — Blood pressure 
__Anesthetic__ blood Hypo- Hypotension, Use of vasopressor_ Normo- Hyper- Oligu- 
Case No. General Sfrnal loss tension Normal duration Duration Effect tension tension ria 





GROUP A AND B-—-NO OLIGURIA. 








6 130/80 90/50 20 min. 
11 120/60 90/40 60 min. 
12 x x 120/80 0/0* 3 min. 2 hr. 110/70 120/80 
13 x 80/60 130/80 
14 x 120/80 200/160 
15 x x 120/80 80/50 5 min. Stat 140/90 

_—_________GROUP ©, D, E—OLIGURIA ie—eiticinaasicticem cach 
17 140/90 140/90 24 hr. 
18 x x 120/80 0/0 5 min. 5 hr. 90/60 36 hr 
19 x x 116/80 60/40 20min. 38 hr. poor 38 hr. 
20 x 110/70 80/40 4 hr. 3 da 
21 x x 110/70 110/70 4da 
22 x x 114/66 230/110 4 da 
23 x x 210/115 120/90 5 min. 3 hr. 190/110 8 da. 
24 x 90/60 60/40* 20 min. 2 hr. 100/70 13 da 
25 x Data incomplete: initially normotensive; duration of hypotension, unknown 4 da.t 
26 x x 150/90 150/90 5 da.t 


: *Delayed hypotension. 
tPatient expired. 


made of those cases in which these variables 
prevail (Table VI). Ten patients (Cases 17 
to 26) became oliguric following an incom- 
patible blogd transfusion. In addition 6 
patients (Cases 6, 11 to 15) having one or 
more of these factors had no clinical renal 
dysfunction and thus serve as controls. 

Hypotension prior to transfusion was not 
an important finding in this series. With the 
possible exception of Case 25 in the oliguric 
group for whom the data are incomplete 
and 1 patient (Case 13) in the control group, 
all of the patients were normotensive at the 
time they were transfused. It is possibly sig- 
nificant that in Case 13 the blood pressure 
was restored to normal by the transfusion 
and the hypotension itself was of very short 
duration. 

Nor do our data support the contention 
that posttransfusion hypotension connotes 
the development of renal failure. Forty per 
cent, or 4, of the 10 patients in whom renal 
insufficiency developed (Cases 17, 21, 22, 
and 26) had no significant fall in blood pres- 
sure. In sharp contrast, 3 of the 6 control 
patients (Cases 6, 11, and 15), those without 
clinical oliguria, had an episode of hypo- 
tension lasting from 20 minutes to 4 hours 


following transfusion with incompatible 
blood. This result correlates with animal ex- 
periments by Maluf and Parsonnet and col- 
laborators indicating that hypotension per 
se or a combination of hypotension and 
hemoglobinemia seems to be ineffective in 
consistently producing renal failure. 

The effect of pretransfusion blood loss is 
difficult to evaluate. In 9 of the 10 patients 
with subsequent renal depression, the in- 
compatible transfusion was preceded by 
acute blood loss, while active bleeding oc- 
curred in only two-thirds of the nonoliguric 
patients. Unfortunately, the volume and rate 
of blood loss, probably important factors 
when considering compensatory renal vaso- 
constriction, could not be determined in any 
instance. Consequently, the authors believe 
that the data are too meager to attach any 
significance to the apparent difference be- 
tween the two groups. 

Similarly, the possible importance of anes- 
thetics cannot be proved conclusively; but 
it may be significant that 4 of the oliguric 
patients sustained the hemolytic reaction 
while undergoing general anesthesia, while 
only 1 of the control group was transfused 
with incompatible blood during general 
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anesthesia and surgery. An additional 2 pa- 
tients in the oliguric group and 1 in the con- 
trol group had spinal anesthesia, but as the 
effect of uncomplicated spinal anesthesia on 
renal function is probably negligible, they 
are not further considered. 

The response of the blood pressure to the 
incompatible blood transfusion was essen- 
tially identical in both groups and, therefore, 
could not be correlated with the subsequent 
renal findings. Considering first those in 
whom renal shutdown developed: 3 patients 
(Cases 17, 21, and 26) maintained normal 
blood pressures following transfusion; a 
fourth (Case 22) became hypertensive; and 
the remaining 6 became hypotensive. Simi- 
larly, in the 6 patients without clinical renal 
depression, 2 (Cases 12 and 13) remained 
normotensive, 1 (Case 14) became hyper- 
tensive, and 3 (Cases 6, 11, and 15) had a 
fall in blood pressure of varying degree and 
duration. 

Hypotension when present was treated 
with a levarterenol bitartrate infusion in 5 
instances (Cases 18, 19, 23, 24, and 25). 
Two (Cases 19 and 25) did not respond to 
therapy and died in shock. However, 1 
(Case 19) presumably died from liver failure, 
the other (Case 25) with multiple cerebral 
injuries; and it is believed that the transfu- 
sion reaction was of secondary importance. 
In 2 patients (Cases 23 and 24) treated with 
levarterenol bitartrate a renal shutdown de- 
veloped for 8 and 13 days respectively. In- 
terestingly, these are the two longest periods 
of oliguria in the study; but the possibility 
that levarterenol bitartrate potentiates renal 
dysfunction is tempered by the finding that 
the fifth patient (Case 18) after 5 hours of 
levarterenol bitartrate infusion exhibited 
only a 36 hour oliguria. 

In summary, although the possible role 
of renal ischemia in the pathogenesis of 
renal failure cannot be ruled in or out by an 
uncontrolled clinical study, the clinical pa- 
rameters generally associated with decreased 
renal blood flow, i.e., shock and blood loss, 
could not be correlated with the production 
of kidney shutdown. On analysis of these 
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31 
clinical data, considered both alone and in 
combination, it is believed that they do not 
seem to have prognostic significance. 

The clinical course of a hemolytic trans- 
fusion reaction, as shown by Wiener, is di- 
visible into four phases: an initial phase of 
clinical symptoms; the interval phase of ap- 
parent clinical improvement associated with 
oliguria; the phase of renal failure identified 
with stupor, convulsions, and coma; and the 
phase of recovery heralded by the abrupt 
onset of diuresis. Each is variable in severity 
and duration, and one or more may be 
either clinically insignificant or lacking en- 
tirely. As the patient progresses through 
each phase, the therapy is varied to meet the 
changing clinical problem. 

The treatment of the initial phase in this 
study was largely symptomatic and expect- 
ant. Chills, fever, and aches were almost in- 
variably untreated. In the earlier years, at- 
tempts occasionally were made to alkalinize 
the patient’s urine with sodium bicarbonate 
or lactate. If signs of allergy appeared, anti- 
histaminics usually were given; but in a few 
cases, antihistaminics were used empirically 
in the absence of allergy in the hope of modi- 
fying the hemolytic reaction. When neces- 
sary, efforts were directed toward restoring 
the blood volume either with correctly re- 
grouped blood or less often with O positive 
blood having A and B specific substance. 
Severe or persistent hypotension was treated 
with vasopressors. 

When the acute reaction subsided and the 
circulating blood volume was restored, fluids 
usually were restricted in anticipation of the 
expected oliguria. Electrolyte studies were 
generally begun at this time and continued 
until the patient’s recovery. As the interval 
phase became well established, a high carbo- 
hydrate, high fat, protein-sparing diet was 
given. Oral feedings were attempted when- 
ever possible, but when: clinical circum- 
stances interdicted the oral route 10 and 15 
per cent glucose was given intravenously. 
Fluid intake was limited to the estimated in- 
sensible water loss plus the measured out- 
put. Sodium lactate was administered cau- 
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tiously when acidosis became severe enough 
to warrant treatment. Nasogastric feedings, 
as recommended by Bull and associates, 
were not used, possibly because a prepon- 
derance of patients were postoperative. 

The therapeutic regimen was very satis- 
factory. Indeed, it was impressive how effica- 
cious the high calorie, protein-sparing, fluid 
and potassium limited diet was in preventing 
the development of clinical uremia. Pulmo- 
nary edema and congestive heart failure due 
to hypernatremia and overhydration did not 
occur. Hyperkalemia may have been of clini- 
cal importance in 1 patient (Case 26), and 
only in this instance might hemodialysis or 
peritoneal dialysis have been a necessary 
procedure. 

Once diuresis occurred, fluid administra- 
tion was increased to match the output. To 
prevent dehydration and hypochloremia, at- 
tention was directed to sodium and chloride 
replacement. It was found useful to approxi- 
mate sodium excretion by measuring the 24 
hour urine chloride. When the urine output 
exceeded 1 to 2 liters, the azotemia invari- 
ably decreased and the patient’s clinical 
condition improved. 

In contrast, in spite of vigorous treatment 
of patients in whom hemorrhagic diathesis 
developed, the results were eminently un- 
satisfactory. ‘Therapy was directed toward 
three goals: (1) restoration or maintenance 
of the blood volume by energetic transfusion 
of correctly regrouped blood; (2) support 
of the blood pressure when necessary with 
vasopressors; and (3) correction of the clot- 
ting defects with fibrinogen, fresh-frozen 
plasma, or whole blood newly withdrawn 
without negative pressure into plastic con- 
tainers. In 1 instance (Case 30), a direct 
blood transfusion was attempted. 

Nevertheless, none of the patients treated 
in this manner survived. Two (Cases 28 and 
30) were completely unresponsive to therapy 
and died in hemorrhagic shock; while 2 
others (Cases 26 and 27) survived the initial 
hemorrhage with the aid of massive blood 
transfusions only to expire shortly thereafter. 
In 1 case (Case 29), the bleeding was hidden 
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and appeared only terminally. This patient 
died before treatment could be started. 

In the past, fibrinogen was most com- 
monly used, but with the demonstration by 
Crosby and Stefanini and by Hardaway and 
coworkers that the clotting defect may be 
multiple and unpredictable increased re- 
liance has now been placed on fresh whole 
blood in plastic containers. A mechanism 
has been devised which makes it available 
rapidly on demand, and it is hoped that it 
will be more effective than fibrinogen and 
fresh-frozen plasma. Bank blood is com- 
pletely valueless, and recent evidence indi- 
cates that it may contain antiplatelet factors. 

An objective review of the data presented 
in this study indicates the area against which 
efforts must be directed if the incidence of 
incompatible transfusions is to be signifi- 
cantly decreased. It is beyond question that 
continuous improvements must be sought 
for and implemented in the requisition, prep- 
aration, transportation, and ultimately, the 
transfusion of blood. However, with the num- 
bers of people involved, the pressures con- 
stantly imposed upon the blood bank, and 
the volumes of blood prepared and used, 
it seems inevitable for breaks to occur along 
the chain of procedure and human error to 
creep in. 

A more hopeful approach seems to lie in 
the education of the responsible physician 
to the proper indications for blood; for it 
has been the authors’ belief that many 
transfusions are given without informed and 
thoughtful consideration for their need, or 
the possible utility in a given clinical circum- 
stance of the plasma expander and vasopres- 
sor. To test this contention, criteria for in- 
dicated transfusions were formulated for this 
study (Table VII). They were then further 
subdivided into emergent and elective trans- 
fusions. The nonindicated transfusions were 
likewise subdivided into elective and pseudo- 
emergent categories. Included in the non- 
indicated group are: limited hemorrhage 
before, during, or after operation which 
either need not be treated or, in a few in- 
stances, have the blood volume restored with 
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TABLE VII.—EVALUATION OF INDICATED AND NONINDICATED TRANSFUSIONS 
= come BY INDICATION______ ———— . ae + 
Indicated_____ —— sees a . Not indicated___ a ‘ 
Quasi- 
Emergency Elective emergency Elective 
Dv. ompensated anemia or blood dys- Limited, compensated hemorrhage 
ch ace PesRe reese 0 5 Preoperative 2 1 0 
He:oorrhagic hypotension CPTI. 6b vncieae's 1 2 
Preoperative 1 0 Postoperative... ... . 0 i 
(perative 3 0 Anesthetic hypotension 2 0 
Postoperative. . 3 0 Postanesthetic hypotension . 1 0 
Extensive burns. . 0 1 Compensated anemia 0 3 
Unclassified... . = 1 0 Negative protein balance 0 3 
Neurogenic shock ; 1 0 
Sepsis ’ ; da 0 1 
_BY GROUP ; 
A B Cc D E Total 
Indicated: Emergency ; 0 3 2 3 0 8 
Elective . a 4 1 1 0 0 6 
14 
Not indicated: Quasiemergency , ; 0 1 0 2 3 6 
Elective. . ints in es a ae 6 1 0 1 2 10 
16 


a plasma expander; hypotension caused by 
excessive anesthetic; postanesthetic hypo- 
tension for which a vasopressor may occa- 
sionally be indicated; and the use of blood as 
a source of dietary protein or to improve 
the patient’s general well-being. 

Analysis of data in Table VII reveals that 
less than half of the patients receiving in- 
compatible blood had transfusions which 
could be construed as indicated. One pa- 
tient (Case 19) is included in this category 
only because the record is unclear. The re- 
maining 53 per cent of the patients had 
transfusions for which the indications were 
questionable. 

It has been suggested that one of the major 
causes of incompatible transfusions is the 
pressure of emergencies upon the physician 
and that, under these conditions, an error 
is more prone to occur. This possibility, is 
not supported in this study, for 16 of the 
transfusions were administered electively, 
while only 14 were given for what was 
\}ought at the time to be an emergency. 

lo appreciate how the need or lack of 
need for transfusion influenced later events, 
te severity of the reaction is plotted against 
\! e indication for transfusion (Table VII). 
| is apparent that while 11 of the 14 in- 
« ated transfusions resulted in mild reac- 
tons (groups A to C), 73 per cent of the 


severe reactions (groups D and E) resulted 
from nonindicated blood transfusions. In- 
deed, 6 of the 7 deaths in this study were 
associated with blood transfusions of ques- 
tionable necessity. ‘The seventh, curiously, 
was the one which could not be properly 
classified, and only on that basis was con- 
sidered to be indicated. Clearly, the mor- 
bidity from blood transfusion reactions 
would have been reduced by more than 
half and the mortality almost to zero were 
there greater appreciation for the indica- 
tions for the use of blood. 

A more discriminating approach to blood 
transfusions would probably have decreased 
the incidence of reactions in other ways. 
Because the volume of blood expended 
would have been reduced, the incessant de- 
mands upon the blood bank for an immedi- 
ate supply of blood would likewise have been 
diminished. The commonplace situation of 
the ward refrigerator full of blood would be 
lessened, and the possibility of inadvertent 
transfusion of another patient’s blood would, 
therefore, be reduced. 

For these reasons the authors believe that 
the education of the responsible physician 
to the more careful and thoughtful use of 
blood has the greatest potential for the 
ultimate reduction of incompatible blood 
transfusions. 
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Surgery, Gynecology & Obstetrics - 
SUMMARY 


The 81,392 blood transfusions per- 


formed at the Kings County Hospital Center 
between 1952 and 1957 are reviewed. 


2 


. Thirty patients were reported to have 


been transfused with incompatible blood. 
Eighteen patients were proved to have had 
a hemolytic transfusion reaction, an in- 
cidence of 1:4,520. The significance of this 
figure is discussed. 


3. Seven of these 18 patients died. In 5 


the 


? 
appearance of a coagulation defect con- 


tributed significantly to the deaths. 


4 


. The clinical parameters generally asso- 


ciated with renal ischemia were analyzed and 
could not be correlated with the production 
of renal failure. 


5. The value of conservative management 
of acute renal failure is emphasized, and the 
poor results of treatment of those patients 
with hemorrhagic diathesis are discussed. 


6 


. The causes of incompatible blood trans- 


fusions and measures for reducing them are 
evaluated. 


10. 
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UMLATERAL LOWER EXTREMITY HYPERTROPHY 


JOUN H. 


Fok OVER A HUNDRED YEARS reports have 
appeared in medical literature describing 
patients, usually children, with hypertrophy 
of one lower extremity. Most of these pa- 
tients have had an associated hemangioma 
of the skin of the involved extremity. 

In 1900 Klippel and Trenaunay described 
a syndrome characterized by the following 
triad: (1) osseous and soft tissue hyper- 
trophy of a lower extremity; (2) varicose 
veins of the extremity dating from infancy; 
and (3) a hemangioma of the skin of the 
extremity. They believed the hemangioma 
to be an important part of the syndrome; 
however, it was not present in all cases. In 
1945 Servelle (8) reported on 2 patients with 
hypertrophy and varicose veins of a lower 
extremity. One patient had a hemangioma 
of the involved extremity, the other did 
not. Venograms demonstrated obstruction 
of the venous drainage of the affected ex- 
tremity. Surgical exploration revealed a 


congenital band obstructing the superficial 


nce nig aint narnia 8s 





femoral vein in the first case, and a com- 
pression of the femoral vein by the femoral 
artery in the other (Fig. 1). In 1957 Servelle 
(10) reported on 80 patients with the Klip- 
pel-Trenaunay syndrome. The hemangioma 
was present in 80 per cent of his patients. 
Venous obstruction was present in all of 
the cases, and surgical relief of the obstruc- 
tion was followed by marked improvement. 

Since 1948 four patients with lower ex- 
tremity hypertrophy and varicose veins have 
been seen at Vanderbilt University Hospital. 
Three had an associated hemangioma of the 
skin. of the involved extremity. These pa- 
tients form the basis for this report. 

( \se 1. A 29 year old white female entered Vander- 
bilt ‘niversity Hospital on June 1, 1948 with varicose 
vei: - of the left leg. A large hemangioma (port wine 

F: m the Department of Surgery, Vanderbilt University 


Sch 1 of Medicine, and the Surgical Service, Vanderbilt Uni- 
ver Hospital, Nashville, Tennessee. 


FOSTER, M.D., and JAMES A. KIRTLEY, M.D., F.A.C.S., Nashville, Tennessee 


stain) involving the entire lateral aspect of the left leg 
had been present since birth. The varicose veins had 
been troublesome for over 7 years. The circumference 
of the left thigh exceeded the right by 2 centimeters 
and the left calf was 2.5 centimeters larger than 
the right (Fig. 2). The remainder of the physical 
examination was unremarkable and the right leg was 
normal. On June 2, 1948 the long saphenous vein 
was stripped out as were the other dilated veins of 
the left leg. Microscopic examination of the saphenous 
vein revealed “‘a large thin walled vein whose lumen 
has been entirely filled by fibroblasts and collagenous 
connective tissue, however, in this connective tissue, 
there are myriads of small blood vessels.’ This was 
thought to be a recanalized, thrombosed vein. The 
postoperative course was uneventful, small dilated 
veins were injected with sodium morrhuate during the 
next 3 months. Three years later she re-entered the 
hospital. The left leg had continued to increase in 
size. The left leg was 2 centimeters longer than the 
right leg. The hemangioma of the lateral left leg was 
excised by the Kondoleon technique (Fig. 3). Except 
for fluid accumulation beneath the skin flaps, the 
postoperative course was uneventful. The patient 
has done well. There has been no left leg enlargement 
and no recurrence of varicose veins or hemangioma. 
Whether osseous hypertrophy existed in 
the patient is not known; bone measure- 
ments were not performed. The enlargement 
of the leg may have been limited to the soft 
tissues and have been primarily edema. The 
age of onset of varicose changes in the veins 
is uncertain. The microscopic study of the 
saphenous vein revealed a cause for ob- 
struction to venous return. Whether changes 
in the vein represented recanalized throm- 
bus or some congenital malformation is dif- 
ficult to determine. Venograms were not 
performed, so the status of the other venous 
channels is not known. The hemangioma, 
varicose veins, and enlargement of the ex- 
tremity conform to the triad described by 
Klippel and Trenaunay. 


Case 2. An 18 year old white female entered Van- 
derbilt University Hospital on September 7, 1950 
with a hemangioma and varicose veins of the right 
leg since infancy. Progressive hypertrophy of the right 
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tery. b, Femoral vein obstructed by congenital band. 
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1. Operative findings in 2 of Servelle’s patients: a, Femoral vein obstructed by femoral ar- 











2. Case 1. Hypertrophy and cutaneous hemangioma of left leg in a 29 year old white female. 
3. Case 1. Infrared photographs 4 years after operation. 
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Fic. 4. 

Fic. 4. Case 2. Hypertrophy, varicose veins, and 
cutaneous hemangioma of right leg in an 18 year old 
white female. 

Fic. 5. Case 3. Hypertrophy and varicose veins of 
left leg in an 8 year old white male. 

Fic. 6. Case 3. Normal aortogram. 


Fic. 5. 
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leg had been noted for 10 years. The hemangioma 
involved the lateral aspect of the thigh and upper 
leg in an irregular patchy fashion. Several areas of the 
hemangioma had been previously treated by radium 
or local excision. Because of progressive enlargement 
of the leg and associated pain, she developed a limp, 
and eventually a 30 degree flexion contracture at the 
knee (Fig. 4). Progressive dilatation of the veins had 
been noted in the 10 years prior to admission. The 
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circumference of the right thigh was 3 centimeters 
greater than the left and the right calf was 7 centi- 
meters larger than the left. There was edema of the 
foot and ankle. There was no bruit or thrill detectable. 
rhe left leg was normal and the remainder of the 
examination unremarkable. In two stages, the heman- 
gioma and subcutaneous venous channels were ex- 
cised after the method of Kondoleon. In the post- 
operative period there was some sloughing of skin 
along the suture lines which required eventual pinch 
gralting. Since that time there has been no further 
progression of the hypertrophy. She has declined 
surgical correction of the flexion contracture. The 
varicose veins and hemangioma have not recurred and 
she has done well in spite of the flexion contracture 
of the knee, having delivered a normal baby in 1957. 





(nce again bone measurements and veno- 
grains were not performed, so that exact Fic. 6. 
Statements regarding osseous hypertrophy 
} anc venous obstruction are not possible. 
» lh photographs suggest the presence of 


Case 3. An 8 year old white male entered Vander- 
bilt University Hospital on May 2, 1954 with varicose 
veins of the left leg and inguinal region, dating from 
GSSC US hypertrophy. The Klippel-Trenau- the first year of life. At 6 months of age, he had worn 
ni riad seems to have been present. a cast on the left leg to correct “‘bowing.” The cast 
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Fic. 7. Case 3. Scanogram 4 months following ligation 
of unilateral varicosities. 


was removed after 2 months and the prominent veins 
were first noted. These veins became progressively 
larger but were asymptomatic. On admission to the 
hospital, examination revealed dilatation of the left 
long saphenous system and many dilated veins over 
the left groin and extending suprapubically to com- 
municate with the right saphenous system. The re- 
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Fic. 9. Case 3. Operative finding of atretic iliac veins. 
Insert depicts bypass operation. 
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Fic. 8. Case 3. Venogram demonstrating obstructior 
at the level of the iliac veins. 


mainder of the examination was unremarkable. ‘Ther 
was no apparent difference in the size of the two legs 
On May 3, 1954 a left saphenous ligation and strip- 
ping operation was performed, and the veins ex- 
tending up over the groin and suprapubic region wer 
also excised. Within 3 weeks after the operation th 
left leg and thigh were notably larger and warmet 
than the right. This condition progressed until his 
readmission to the hospital on October 1, 1954 
Examination revealed dilated veins over the left 
thigh and groin with venous channels extending up the 
left abdominal wall and left anterior thorax. The 
veins all filled from below. The left leg was warme! 
and 2.0 centimeters longer than the right leg. The 
circumference of the left leg exceeded the right ‘eg 
by 3 to 5 centimeters (Fig. 5). There was no bruit 
or thrill. Arterial pulses were normal in all extremities 
There was no evidence of a hemangioma anywhere 
on the body. The blood pressure was 115/80 and the 
pulse 80. The remainder of the examination was 
unremarkable. A translumbar abdominal aortogram 
with simultaneous femoral arteriogram revealed a 
normal aorta and femoral arteries without eviderc 
of arteriovenous communication (Fig. 6). Ascanogren 
revealed the left femur and tibia to be longer thin 
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Fic. 10. Fic. 11. 
Fic. 10. Case 3. Infrared photograph 2 years after 
operation. 





Fic. 11. Case 3. Venogram 2 years after operation. 


those on the right by 12 and 9 millimeters respectively 
(Fig. 7). A venogram demonstrated cbstruction of the 
left iliac veins with tremendous collateral venous filling 
around the inguinal region (Fig. 8). On October 8, 
1954 surgical exploration revealed atresia of the left 
common and internal and external iliac veins. These 
veins were represented by a fibrous cord without a 
lumen (Fig. 9). The proximal 2 centimeters of the 
common iliac vein and the femoral vein were of 
normal caliber. A freeze-dried arterial homograft 
was used to bypass the venous obstruction. In the 
immediate postoperative period, the circumference 
of the thigh and calf decreased 2 to 3 centimeters. 
rhe patient has done well with little limitation of 
activity. The leg remains 2 to 3 centimeters larger in 
circumference than the right (Fig. 10). Scanograms 
on April 15, 1955 revealed the left femur to be 12 
millimeters and the left tibia 10 millimeters longer 
than the right (Fig. 12). On June 11, 1956 the femur 
diflerence was 13 millimeters and the tibial difference 
was 10 millimeters. Repeat venograms revealed the 
fernoral vein with collaterals around the inguinal 
region but no filling of the homograft (Fig. 11). 
Varicose veins and hypertrophy of a lower 
exiremity are present in this patient. A 
h« inangioma of the skin is absent. An occult 
al ‘rlovenous communication cannot be ex- 
chided. The status of the bypass graft is 
u-ertain. An arrest in the progress of the 
h. »ertrophy seems to have been obtained; 
h vever, this may have been coincidental 
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Fic. 12. Case 3. Scanogram 2 years after operation. 


to increased collateral venous return. ‘The 
first operation, ligation and stripping, seems 
to have precipitated the hypertrophy in a 
growing child. 


Case 4. A 9 year old white female presented herself 
with hypertrophy of the left leg, prominent veins of 
the left leg, and a hemangioma of the skin of the 
midportion of the lateral left calf. The patient was 
observed elsewhere from 1951 through 1953. In 1951 
the circumference of the left leg was 1 to 2 centimeters 
larger than the right and the left leg was 3 centimeters 
longer. Venous oxygen saturations were equal in the 
two legs. Scanograms revealed the left tibia to be 2 


4 


centimeters and the left femur 1.7 centimeters longet 
than the bones on the right. In 1953 the left leg was 
1 to 3 centimeters larger in circumference than the 
right and 3% centimeters longer. The patient was first 
seen at Vanderbilt University Hospital in May of 
1955. The soft tissue measurements were unchanged 
(Fig. 13). The right leg was normal. There was no 
evidence of a bruit or thrill over the left leg. The 
remainder of the examination was unremarkable. 
Scanograms revealed the left tibia to be 2.7 
meters and the left femur 2.0 centimeters longer than 


centi- 


the bones on the right (Fig. 15). Venograms were 


performed on 3 occasions; obstruction or other ab- 


normality has not been demonstrated, but complete 
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Fic. 14. 


Fic. 13. Case 4. Hypertrophy and varicose veins of left leg in a 9 year old white female. Cuta- 


neous hemangioma of lateral calf not visible. 


Fic. 14. Case 4. Venograms showing patency of deep venous system. 


filling of the venous system of the left leg was never 
obtained (Fig. 14). Arteriograms and further studies 
have been suggested to the patient’s family. 

Triad of hypertrophy, hemangioma, and 
varicose veins are all present. Varicose veins 
have not been unduly prominent to date. 


DISCUSSION 


Hypertrophy, both osseous and soft tissue 
overgrowth, of an extremity or a part of the 
body as a result of an abnormal arteriove- 
nous communication has been observed since 
biblical times. It is generally believed that 
true osseous hypertrophy occurs only prior 
to bone maturation. Whether true soft tis- 
sue hypertrophy (i.e., muscle, subcutaneous 
tissue, and glands) occurs seems less certain. 
It is difficult to differentiate true hyper- 
trophy and edema of the tissues. The osseous 
hypertrophy, associated with arteriovenous 


fistulas, has been commonly attributed to 
arterial hyperemia acting as a stimulus to the 
epiphysis. ‘This concept has been questioned 
by several groups of workers who believe 
that venous stasis or venous hypertension 
provides the stimulus for osseous hyper- 
trophy. Furthermore increased arterial flow 
may not exist distal to an arterial venous 
fistula. It is unquestioned that in the im- 
mediate area of the fistula there is increased 
skin temperature and increased arterial col- 
lateral flow around the fistula. However 
distal to this, the skin is cool with sign: 
and symptoms of ischemia and sometimes 
gangrene. Decreased peripheral resistance 
in the arteries distal to the fistula provides 
the stimulus for the increased arterial col- 
lateral formation. Once the blood reaches 
the arteries distal to the fistula, much of it 
then flows retrograde back to the arterio- 
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venous Communication and there is still a 
rel..tive ischemia distally. Holman demon- 
strited that when the cross section of the 
fistula exceeds the cross section of the prox- 
imal artery, then the arteriovenous shunt 
exceeds the volume of blood supplied by the 
proximal artery. The collateral circulation 
then supplies this added arterial blood flow. 

Venous stasis or venous hypertension is 
uniformly present in arteriovenous fistula 
and also present in instances of congenital 
venous obstruction in which there is no 
evidence of an abnormal arteriovenous com- 
munication. In the late nineteenth century 
several groups of workers attempted to pro- 
duce osseous elongation by the application 
of elastic tourniquets to the legs of patients. 
Success was reported but the results were 
inconsistent. In 1936 Kishikawa produced 
increased long bone growth in growing 
rabbits by placing tourniquets around the 
extremities. Servelle (9) obtained bony 
elongation by ligating the deep veins of an 
extremity in young dogs. Hutchison and 
Burdeaux obtained osseous hypertrophy dis- 
tal to tourniquets applied to the extremities 
of young dogs. The degree of elongation 
was found to be related to the number of 
long bone epiphyses distal to the tourniquet. 
A greater elongation was obtained if both 
epiphyses of a long bone were distal to the 
tourniquet. Dickinson and Peck have been 
unable consistently to reproduce the results 
obtained by Servelle. Case 3 of this report 
would seem to support venous stasis as 
being an etiologic factor in osseous elonga- 
tion. An atresia of the iliac veins resulted in 
collateral venous channels around the in- 
guinal region, and when these collaterals 
were interrupted, osseous hypertrophy en- 


sued in less than four months. The work of 


Kishikawa and Hutchison closely simulates 
te situation found in Case 3. The tourni- 
quets employed by these workers not only 
occluded the deep veins but the collateral 
© annels as well. In Case 3, there was no 
( \sparity in leg size until the collateral chan- 

‘ls were interrupted. Cases 1 and 2 of this 
port are of interest in that there may have 
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Fic. 15. Case 4. Scanogram showing osseous elongation. 


been a deep vein obstruction contributing 
to the problem. However, these patients 
have obtained a good result from the therapy 
received. Case 4 remains an enigma; better 
venograms and an arteriogram might be 
helpful in elucidating this problem. 

Of interest is a report by Myers of 20 
patients with massive varicose veins of a 
lower extremity. These cases are cited as 
examples of cavernous hemangiomas and 
ligation and stripping of the veins are ad- 
vocated as definitive treatment. In 19 pa- 
tients there was an associated hemangioma 
of the skin (port wine stain), and in 5 there 
was osseous hypertrophy. ‘Che age of these 
patients is not revealed. Venograms were 
used to demonstrate the superficial channels 
in some of the cases but the deep veins were 
apparently difficult to demonstrate. The pa- 
tients have done well following ligation and 
stripping of the varicose veins. However, the 
length of the follow-up period was not 
recorded. Some of these patients would seem 
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to fit into the Klippel-Trenaunay syndrome. 
A later report indicates that quite a few of 
these patients required further surgery. 
Peck has reported a case of a 5 year old 
girl with iliac vein stenosis and associated 
underdevelopment of the involved extremity. 
There was a localized area of brown pig- 
mentation of the skin over the lateral surface 
of the hypoplastic leg. The author does not 
designate this as a birthmark or hemangioma 
but the description certainly suggests a 
capillary hemangioma. The venous obstruc- 
tion in this case seems to have produced a 
result Opposite to that in Case 3 of this 
report. Case 3, a 9 year old boy, had venous 
obstruction and hypertrophy of the ex- 
tremity. There are some differences in these 
patients. In the patient presented by Peck 
there was no evidence of varicose veins and 
the venous obstruction was only partial. 
Varicose veins have been an invariable 
feature of patients with osseous hypertrophy. 
Osseous hypertrophy did not appear in 
Case 3 until collateral veins were removed. 


CONCLUSIONS 


There may be more than one stimulus for 
osseous hypertrophy or elongation of an 
extremity. Hyperemia, whether the blood 
be of arterial or venous oxygen content, is 
probably the inciting factor. It is possible 
that the edema fluid which is constantly 
present in these extremities may contain the 
stimulating agent. The venous stasis or 
venous hypertension theory of etiology would 
seem to have more experimental and clinical 
support. The experimental work to date is 
based on small groups of animals and the 
degree of hypertrophy has been small. 
Further studies are indicated. Perhaps sur- 
gically induced venous obstruction in grow- 
ing animals stimulated by the administration 
of growth hormone might magnify the os- 
seous hypertrophy if such occurs. This 
method could be of value to the orthopedic 
surgeon who has frequently sought a method 
of inducing consistent bone elongation. 

The presence of varicose veins, especially 
unilateral involvement, in a child or very 
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young adult is an indication for careful study 
of the arterial and venous channels of tiie 
involved extremity. Ligation and strippi::g 
of such varicose veins, without prior veno- 
grams and arteriograms, may result in the 
changes observed in Case 3 of this study. 
If venous obstruction is discovered in such 
a patient lysis of offending adhesions or gra\t 
insertion seems warranted. 


SUMMARY 


Four cases of unilateral hypertrophy of a 
lower extremity have been presented. Vari- 
cose veins of the involved extremity have 
been present in all 4 cases. A cutaneous 
hemangioma or birthmark was present in 
3 of the cases. An atresia of the ipsilateral 
iliac veins was present in 1 case. 

The etiology of the osseous hypertrophy 
has been discussed. Arterial hyperemia has 
been the classical etiologic explanation. In 
recent years evidence has accumulated 
which indicates that venous stasis or venous 
hypertension may be the inciting agent. 

The importance of careful study of any 
child with varicose veins, especially uni- 
lateral varicosities, has been pointed out. 
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THE TREATMENT OF PAPILLARY CARCINOMA OF THE 


THYROID GLAND 






OLIVER H. BEAHRS, M.D., F.A.C.S., and LEWIS B. WOOLNER, M.D.., 


Rochester, Minnesota 


IN THE LITERATURE TODAY, articles can be 
found which advocate wide variations in 
methods of management of carcinoma of the 
thyroid gland. Some physicians are of the 
opinion that certain malignant lesions 
should not be treated surgically at all; some 
advise only conservative surgical measures, 
while others recommend radical surgery for 
the same lesions. It is generally recognized 
that the types of cancer occurring in the 
thyroid gland vary considerably in the 
degree of malignancy. Even though this fact 
is acknowledged, few authors have carefully 
defined and separated the types of carci- 
noma and presented statistical information 
specifically related to each type. 

In general, carcinomas of this gland can 
be divided into two groups: (1) those of low 
degree of malignancy, the majority of which 
are papillary carcinomas, and (2) those of 
high degree of malignancy, the anaplastic 
carcinomas. The behavior pattern of each 
group is decidedly different trom that of the 
other. For the anaplastic lesions of the thy- 
roid gland, present methods of treatment 
are inadequate and the survival rate is ex- 
tremely low, while for the other group 
present methods of treatment, even though 
varying in degree, are adequate and the 
prognosis is excellent. Because of wide varia- 
tion in prognosis, the types of carcinoma 
must not be confused and must be discussed 
‘eparately. The individual basis of biologic 
variability in cancer has recently been dis- 

ussed by Macdonald, and he concluded 
hat ‘“‘Each patient is an individual prob- 
em; the attack on a specific neoplasm 


From the Sections of Surgery and Surgical Pathology, Mayo 
Jlinic and the Mayo Foundation, Rochester, Minnesota. 


should be conditioned upon a knowledge of 
its usual biologic pattern and the best evalu- 
ation possible of its behavior in the indi- 
vidual.” 

The histologic classification of malignant 
lesions of the thyroid is, as yet, not fully 
standardized and there may be some disa- 
greement among pathologists as to the best 
method of classifying the more slowly grow- 
ing types of carcinoma. In general, however, 
there is fairly universal agreement on what 
constitutes a papillary cancer of the thyroid. 
As currently defined, in the Section of 
Surgical Pathology at the Mayo Clinic, 
papillary carcinoma is a well differentiated 
tumor which usually shows a striking mix- 
ture of papillary and follicular structural 
components (Fig. 1a). A few tumors are 
almost completely papillary in architecture, 
while at the other extreme some tumors may 
be almost entirely follicular and the papil- 
lary component minimal in amount. Occa- 
sionally a metastatic node may be pre- 
dominantly papillary while the primary 
lesion is predominantly follicular in archi- 
tecture. These tumors invade parenchymal 
or extrathyroidal structures and metastasize 
primarily to regional lymph nodes and 
occasionally to distant sites. 

Within the papillary group considerable 
variation is apparent in size of the primary 
lesion and the degree of invasiveness of the 
tumor. Certain papillary carcinomas may 
be minute, even microscopic, and yet be 
associated with bulky nodal metastasis. 
These small papillary tumors may be de- 
tected by the presence of enlarged cervical 
nodes or may be picked up in the course of 
surgical procedures for other conditions in 
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rABLE I.—PREOPERATIVE CLINICAL DIAGNOSIS 
IN 136 CASES OF PAPILLARY CARCINOMA Ol 
PHE THYROID GLAND 


Cases 
Diagnosis No. Per cent 
Carcinoma or suspected carcinoma 47 34.6 
Enlarged cervical nodes—no thyroid lesion noted 22 16.2 
Exophthalmic goiter 14 10.3 
Adenomatous goiter without hyperthyroidism 44 32.4 
Adenomatous goiter with hyperthyroidism 9 6.5 
Potal . 136 100.0 


the thyroid gland. It is not considered desir- 
able to make subdivisions within this group 
of small carcinomatous lesions (1 cm. or less 
in diameter), and, for the purpose of this 
paper, all lesions of this size, although papil- 
lary, have been grouped under the designa- 
tion ‘‘occult sclerosing carcinoma” (Fig. 
1b). 

Other slowly growing carcinomas of the 
thyroid, including encapsulated follicular 
and solid angioinvasive carcinoma, Hiirthle 
cell carcinoma and solid carcinomas with 
‘‘amyloid” stroma, do not show any papil- 
lary architecture and hence have been ex- 
cluded from this study. 

‘The present study was undertaken to 
evaluate a series of patients with lesions of 
papillary types. 

In 1951 a report was made of the experi- 
ence at the clinic with carcinoma of the 
thyroid gland between 1938 and 1947, 
inclusive (1). Survival statistics were not 
included in this report since a_ sufficient 
interval of time had not elapsed. The cases 
of 360 patients were reviewed; in 121 the 
lesion was considered inoperable when the 
patient was first seen at the clinic. In 284 
cases surgical specimens were available for 
review; in 174 of the 284 cases (61 per cent) 
the lesions were classified as papillary in 


PABLE Il.—INCIDENCE OF INVOLVEMENT OF CER- 
VICAL LYMPH NODES IN 136 CASES OF PAPILLARY 
CARCINOMA OF THE THYROID GLAND 


Nodal involve- 


. ment 

Pafullary carcinomas: Total No. of 
T ype ase cases Per cent 
Occult sclerosing carcinoma (1 cm. or 

less in diameter) 5 ; 34 13 38.2 
Other papillary carcinomas (more than 

1 cm. in diameter) 102 51 50.0 
Total : ; 136 64 47.1 
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type. In Pemberton’s review of cases of cai 
cinoma of the thyroid gland encountere:| 
at the clinic from 1907 to 1936, inclusive, 3!) 
per cent of the lesions were papillary. Thus 
during the decade 1938 through 1947 th: 
percentage occurrence of these lesions 
among thyroid carcinomas has doubled 
The yearly incidence of carcinoma in sur- 
gically treated nodular goiters was 4.8 pei 
cent. Unsuspected carcinoma was discov- 
ered in 3.8 per cent of the cases of asympto- 
matic adenomatous goiter. 

For this study, the 174 cases in which the 
lesions were previously classified as papil- 
lary carcinoma were restudied. ‘Twenty-four 
cases were excluded, the lesions in most of 
them being angioinvasive follicular and 
solid carcinoma or papillary adenomas; in 
several cases tissue was not available for 
review. 

In 136 of the remaining 150 cases, defini- 
tive surgical treatment was carried out. 
Thirteen patients had inoperable lesions 
and biopsy only was carried out. One pa- 
tient had palliative lobectomy; at the time 
of operation gross carcinoma remained in 
the midline portion of the neck. The treat- 
ment and survival rates for the 136 patients 
who received what was thought by the sur- 
geon to be curative 
have been evaluated. 

The preoperative diagnosis is shown in 
Table I. In 47 patients (34.6 per cent) car- 
cinoma was either known to be or suspected 
of being present. In an additional 22 pa- 
tients (16.2 per cent) enlarged cervical 
lymph nodes were noted clinically and no 
lesion could be palpated in the thyroid 
gland. In these cases carcinoma of the thy- 
roid gland was one of the probable diag- 
noses. In 14 cases operation was advised 
and carried out because of a diagnosis of 
exophthalmic goiter; in 1 of these cases the 
presence of a small nodule that was sus- 
pected of being a carcinoma was reported 
preoperatively. In all 14 patients the lesions 
were occult sclerosing carcinoma and in 
none was there involvement of nodes. In all 
instances the histologic appearance of the 


surgical treatment 
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Fic. 1. a, Papillary carcinoma of thyroid gland. Common type showing mixture of papillary and 
follicular elements. Hematoxylin and eosin, X95. b, Papillary carcinoma (2 mm. in diameter) 
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associated with multiple large nodal metastasis. Lesions of this type have been grouped together 


under the heading “‘occult sclerosing carcinoma.” 


lesions was identical to occult sclerosing 
carcinoma appearing in other thyroid 
glands. Fifty-three carcinomas were present 
in nodular or adenomatous goiters. Nine 
patients had clinical symptoms of hyper- 
thyroidism and elevated basal metabolic 
rates. 

In 64 cases there was metastasis to cervi- 
cal lymph nodes (Table I1). Except for a 
few cases, these lesions were known or sus- 
pected of being present before operation. 
Eleven per cent (15 cases) of the 136 thyroid 
vlands harbored multicentric lesions; in 
most of these instances lesions were present 
in both lobes of the thyroid gland. 

Treatment of patients in whom metastasis 
io the lymph nodes was not present con- 
isted of lobectomy in 30, double resection 

lobectomy on the side of the lesion) in 41 
ind total thyroidectomy in 1 (Table III). 
Patients having enlarged cervical nodes 


Hematoxylin and eosin, X95. 


were treated by similar procedures as indi- 
cated in Table III. In 5 cases radical neck 
dissection was done to remove extensive 
cervical metastatic lesions. One of these 
patients had a modified neck dissection on 
the opposite side because of bilateral nodal 
involvement. Fifty-nine patients had 64 
modified neck dissections, 5 patients having 
bilateral procedures. ‘The modified neck 
dissections varied considerably in exten- 
siveness. In some patients, only a group of 
nodes along with adjacent fascia and fat 
was excised, while in others the dissection 
included all groups of nodes in the lateral 
and midline parts of the neck, the procedure 
differing from a radical neck dissection only 
in that the internal jugular vein and sterno- 
cleidomastoid muscle were not sacrificed. In 
these cases not only the jugular chain of 
nodes was involved (all levels) but also the 
nodes in the posterior cervical triangle, 
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TABLE IIIl.—TREATMENT IN 136 CASES OF PAPILLARY CARCINOMA OF THE THYROID GLAND 


_____ Types of treatment 


Double 
resection Total 
and thy- Neck dissection 
Lestons Cases Lobectomy lobectomy roidectomy Radical Modi fic 
Without metastasis to nodes : : 72 30 41 
With metastasis to nodes. . ; , ‘ 64* 47 16 1 5 65 
SEE A ee ee eee 136* 77 57 2 4 65 


*Six patients had bilateral cervical metastatic lesions. 


TABLE IV.—SURVIVAL AFTER TREATMENT ACCORDING TO TYPE OF PAPILLARY CARCINOMA OF THYROID 


GLAND 
Lived 5 or Lived 10 or Lived 15 or 
more years more years more year 
after after after 
_—Patrents__ treatment Patients__ treatment Patients treatment 
Type of lesion Treated Traced No. Percent ‘Treated Traced No. Percent Treated Traced No. Per cen 
Occult sclerosing carcinoma 
Without metastasis to nodes 21 21 21 100.0 21 21 18 85.7 13 9 7 77.8 
With metastasis to nodes. . 13 13 13 100.0 13 12 11 91.7 2 2 2 100.0 
Other papillary carcinomas 
Without metastasis to nodes 51 50 48 96.0 5 46 39 84.8 24 22 14 63.6 
With metastasis to nodes 51 49 47 95.9 51 45 41 91.1 18 16 14 87.5 
oo ee ive ‘ 136 133 129 97.0 136 124 109 87.9 57 49 37 75.5 
tracheo-esophageal groove, and laryngeal Nineteen deaths are known to have oc- 


region. Fifteen patients subsequently had a —_ curred (Table V). Three deaths were the 
secondary operation in the lateral portion __ result of recurrent carcinoma of the thyroid 
of the neck, usually the excision of a single — gland in the midportion of the neck. One 


node which was not always metastatically patient also had pulmonary metastasis. In 
involved. Three patients had 2 procedures; _no instance in the series was recurrent car- 
1 patient had 3, and 1 patient had 4. cinoma present in the lateral portion of the 

There were no hospital deaths in the neck. Two patients with pulmonary metas- 
series. tasis were known to be living 10 years or 

Five year, 10 year, and 15 year survival longer. The cause of death of 4 patients is 
rates are shown in Table IV. unknown but must be presumed to be car- 


The conditions of 133 of the 136 patients —_ cinoma of the thyroid. Twelve patients died 
have been followed for 5 years; 129 were — of diseases unrelated to carcinoma of the 


living, resulting in a survival rate of 97.0 — thyroid. Eleven patients who had only 
per cent. In the 10 year period, 109 of 124 biopsy because of inoperable lesions are 
patients traced were alive, giving a sur- dead of carcinoma. Three are still living 9, 
vival rate of 87.9 per cent. Fifty-seven pa- (10, and 11 years after biopsy. 

tients were treated 15 or more years before 

the study. Forty-nine of these were traced; COMMENT 

37 were living, giving a 15 year survival As a rule, carcinoma for which surgical 
rate of 75.5 per cent. The average age for _ treatment is indicated is best treated by as 
patients in this series was 42 years. The 5 _ radical a surgical procedure as feasible to 
year and 10 year survival rates compare _ eradicate the primary lesion, as well as the 
favorably with those expected in the popu- __ primary region of spread. In surgery of the 


lation at large at this age. The 15 year rate head and neck this rule holds true for 
is slightly below the expected survival rate squamous cell carcinomas and for most 
but undoubtedly is related to other factors adenocarcinomas. However, papillary car- 
affecting longevity in older patients in the cinoma of the thyroid gland is, in our opin- 
ion, an exception to this rule. It is a slow- 


series. 
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ero ving lesion and if the patient is treated 
sui ically when the lesion is in an operable 
the prognosis is excellent. Even for 
paiients who have lesions which are inoper- 
able and who undergo biopsy only or pallia- 
tive resection, the period of survival is pro- 
longed. Many of these patients live 5, 10, 
or more years before dying of this disease. 
Distant metastatic lesions may be present 
for many years before causing death. 

‘The natural life history of papillary carci- 
noma of the thyroid gland and the excellent 
survival rates as illustrated in this series of 
cases have made us reaffirm our belief that 
patients having this disease do not always 
have to be treated by radical operation. 
Although total thyroidectomy and radical 
neck dissection can be accomplished with a 
mortality rate of less than 1 per cent and 
with low morbidity, we consider it both 
unwise and unnecessary to extend an opera- 
tion beyond the limits that will offer the 
patient an excellent chance of survival and 
cure. Total thyroidectomy results in myx- 
edema, a permanent disability. This defi- 
ciency is easily managed by replacement 
therapy. Total thyroidectomy also exposes 
the patient to parathyroid tetany, which is 
a severely incapacitating disease, also re- 
quiring prolonged treatment. Martin has 
said that the seriousness of tetany has been 
overemphasized. In our experience, it has 
proved to be a serious handicap for the 
patient. Martin also stated that an attempt 
to save the parathyroid glands is relegated 
to a secondary, if not a relatively unimpor- 
tant, position at some hospitals. He believes 
that there is considerable security in the 
fact that accessory parathyroid glands fre- 
quently are present. Gilman, however, has 
shown that in 88 per cent of the people 
there are only 4 parathyroid glands and in 6 
per cent fewer than 4. In treatment for 
other types of malignant disease preserva- 
tion of the parathyroid glands might be 
insignificant, but in the management of 
p pillary carcinoma it is not. The glands 
con be identified, in contrast to what has 
b en said, and an attempt should be made 


stare, 


TABLE V.—CAUSE OF DEATH IN 136 CASES OF PAPIL- 
LARY CARCINOMA OF THYROID GLAND FOL- 
LOWED 10 TO 20 YEARS AFTER TREATMENT 


Cause of death No. of cases 
Carcinoma of thyroid midportion of neck 3 
Unknown... 4 
Vascular diseases 7 
Unrelated carcinoma (pancreas, lung, colon) 5 


Total... 


_ 
Ss 


to preserve some parathyroid tissue unless 
in so doing gross carcinoma is not removed. 

In 11 per cent of the cases of papillary 
carcinoma, multicentric lesions are present 
in the thyroid gland. Consequently, the 
total thyroid gland should always be ex- 
plored. In contrast to what has been said 
in the literature, exploration of the thyroid 
gland does not jeopardize the success of 
subsequent dissection in the lateral portion 
of the neck, if such a procedure becomes 
necessary. The lesions are frequently small 
and difficult to palpate. Because of the 
occurrence of multicentric lesions, lobec- 
tomy should be done on the side of the 
known lesion and subtotal lobectomy on 
the opposite side. Admittedly a small lesion 
could be left behind in the remnant, but 
this has rarely occurred. When a small 
portion of thyroid tissue is preserved, the 
development of myxedema is usually pre- 
vented and parathyroid tissue and the re- 
current laryngeal nerve on that side are 
further protected. If at the time of opera- 
tion, however, carcinoma is found to be 
extensive in the thyroid, or many lesions are 
found to be present in the gland, or distant 
metastatic lesions are known to be present, 
then total thyroidectomy should be done. 

In order to be selective in the manage- 
ment of papillary lesions, it is essential that 
pathologic interpretation of the lesion be 
available by fresh frozen section technique. 
Although it has been said that thyroid 
lesions can be identified only as benign or 
malignant by this method, .it has been our 
experience that a surgical pathologist well 
trained in thyroid disease can determine 
from frozen section with great accuracy 
whether a lesion is benign or malignant and 
also the histologic type of a neoplasm. 
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In contrast to what has been stated by 
some, papillary metastatic lesions in the 
cervical lymph nodes remain well encapsu- 
lated for long periods. Apparently, spread 
is by embolization, since invasion into adja- 
cent tissues along lymphatic vessels is rarely 
seen. The truth of these facts makes the 
en bloc dissection of the lateral portion of 
the neck necessary in the presence of squa- 
mous cell carcinoma but not necessary for 
papillary carcinoma. If there is extensive 
involvement of all groups of cervical nodes, 
then standard radical neck dissection is the 
only practical method of*removing the in- 
volved regions. However, if only one or 
several of the groups of nodes are involved, 
then it is our belief that something less than 
radical neck dissection can be done. 

The results of this approach are excellent, 
as illustrated in this series of cases. In no 
instance was there lack of control of the 
lesion by inadequate surgical maneuver in 
the lateral portion of the neck. In a small 
group of patients, previously mentioned, 
subsequent surgical procedures were neces- 
sary in the lateral portion of the neck to 
excise either another metastatic lesion or 
another node to make certain that it was 
not involved. ‘The occasional necessary ex- 
cision of a node is less serious than routinely 
doing a radical neck dissection for lesions 
that can be treated by a lesser procedure. 
One author who strongly advocates radical 
neck dissection for all cases of papillary car- 
cinoma does a modified neck dissection on 
the opposite side of the neck when meta- 
static lesions are bilaterally present and ad- 
mits that this is a satisfactory procedure. 
Why then do a radical neck dissection in all 
cases? 

The incidence of nodal metastasis in our 
series is 47.1 per cent. Others have reported 
in the literature an incidence as high as 84.6 
per cent. Our figure is undoubtedly lower 
since at the Mayo Clinic we have for a long 
time advised thyroidectomy for asympto- 
matic nodular goiter. As a result of this, 


many malignant lesions have been discov- 
ered surgically before metastasis had cc- 
curred. 

Our practice is to do a neck procedure 
only when metastatic lesions are thought ‘o 
be present and to extend the operation into 
the lateral portion of the neck only as tlie 
findings in this region in each individual 
case might dictate. 


SUMMARY 


A study has been made of 136 cases of 
papillary carcinoma of the thyroid gland 
encountered at the Mayo Clinic between 
1938 and 1947, inclusive. Lobectomy on the 
side of the lesion or subtotal thyroidectomy 
was performed in all cases except 2 in which 
total thyroidectomy was done. Metastasis 
to cervical nodes occurred in 47.1 per cent 
of cases. The patients were treated by modi- 
fied neck dissection except in 5 instances in 
which radical neck dissection was carried 
out. No cervical procedure was done for 
patients who did not have clinically in- 
volved cervical nodes or in those cases in 
which nodes could not be felt at the time 
of operation. ‘The 5 year survival rate was 
97.0 per cent, the 10 year rate 87.9 per cent, 
and the 15 year rate 75.5 per cent. These 
results support the belief that radical opera- 
tion is not always essential in the manage- 
ment of papillary carcinoma of the thyroid 
gland and that neck dissection is not indi- 
cated in the absence of known enlarged 
cervical nodes. 
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TILE MANAGEMENT OF MASSIVE HEMORRHAGE FROM 


DiIVERTICULAR DISEASE OF THE COLON 


CHARLES M. EARLEY, JR., M.D., Richmond, Virginia 


E\eN THOUGH deQuervain in 1927 had de- 
scribed a “*hemorrhagic form” of diverticu- 
litis occasionally characterized by severe 
bleeding, a review of the world literature in 
1944 by Young and Young (31) showed that 
massive hemorrhage rarely had been re- 
ported as the presenting symptom of colonic 
diverticular disease. It was estimated that 
some bleeding did occur, however, in 5 to 15 
per cent of all reported cases. Others have 
found hemorrhage from this condition to be 
an uncommon occurrence. Noer and Welch 
and associates disagree with this observa- 
tion, however; and, indeed, Kunath believes 
that bleeding occurs about as frequently in 
diverticulitis as in carcinoma of the colon— 
in about 20 per cent, a figure which also 
includes minimal bleeding. Over 10 years 
ago, Stone (26) emphasized ‘hat the out- 
standing symptom of diverticulitis might be 
sudden, profuse bleeding from the bowel. 
Rives has reported a study by Dr. Robert O. 
Emmett of 206 consecutive cases of massive 
without hematemesis: the most 
cause (39 cases) was duodenal 
ulcer; next, diverticulosis (33 cases). 

It is generally accepted that these diver- 
ticula occur as outpocketings of mucosa, 
usually in parallel rows between the meso- 
colic and antimesocolic longitudinal muscle 
bands in close relation to the point where 
nutrient vessels or lymphatics enter the wall 
o! the colon. Colonic pressure variants, 
local trauma, infection, and arteriosclerosis 
niay contribute to the herniation. That 
n-ost diverticula of the colon are probably 
a quired and not congenital is evidenced by 
te fact that they are rarely seen before 
iddle age. Hemorrhage results apparently 


melena 
common 


rom the Department of Surgery, The Medical College of 
\ ginia, Richmond, Virginia. 


from erosion of the adjacent vessels by in- 
flammation or other trauma. Young and 
Howorth (32) believe that inversion of the 
diverticula may predispose to trauma and 
resultant hemorrhage; they have presented 
a case in support of this contention. 
Patterson stresses that one should be very 
hesitant about accepting diverticulosis or 
diverticulitis as the source of important 
bleeding per rectum—that any other atti- 
tude will often lead to a dangerous delay in 
diagnosing the real source of the bleeding. 
Scarborough and Klein (22) reported the 
removal of polypoid tumors from 16 pa- 
tients in whom bleeding had been at- 
tributed to an existing diverticulitis. More 
recently Scarborough (21) has reported 
over a 12 year period the removal of a 
malignant neoplasm or an adenoma of the 
large bowel from 89 patients who had been 
observed for more than 1 year and in whom 
a diagnosis of diverticular disease had been 
accepted as the cause of gross rectal bleed- 
ing. After operation there was no further 
bleeding in any of these patients although 
the diverticulitis remained. Others concur 
that bleeding per rectum often has been 
found to be due to a coexisting adenomatous 
neoplasm. One of the cases to be presented 
in this paper (G.S.), however, proved that 
the mere presence of a neoplasm did not 
necessarily mean that it and not diverticular 
disease was the cause of hemorrhage. 
Careful follow-up studies were carried 
out by Stone (25) in 71 patients who had had 
a presenting symptom of marked hemor- 
rhage per rectum of unknown etiology; 8 
had diverticulosis, but he was unable to find 
convincing proof that the diverticula were 
the origin of the bleeding, and suggested 
only that they were the possible source. 
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No. 
Patient 
Date 


#- 2-52 
%-26-54 
3-16-55 
9-14-56 
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K.H 
10-30-52 
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S.R. 
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M.B. 
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N.S 
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PABLE 1.--HISTORY OF CASES 


Accompanying disease 
Hiatus hernia, duodenal ulcer 
Hypertensive vascular disease 


Congestive failure, glaucoma, fractured hip, thrombophle- 
bitis 


Hypertensive vascular disease, obesity, osteoarthritis 


Diabetes mellitus 


None 


Hypertensive vascular disease, obesity 


Hiatus hernia 


Hypertensive vascular disease 


Arteriosclerosis, emphysema 


Duodenal diverticulum 


Arteriosclerosis, emphysema 


Menopause 


Hypertensive arteriosclerotic vascular disease, diabetes 


Hypertensive vascular disease 


Hypertensive vascular disease, old CVA with hemiparesis; 


uremia 


Hypertensive vascular disease 


Hypertensive vascular disease 





Treatment 


Supportive 


Supportiy c 


Supportive 


Supportive 


Supportive 
Supportive 
Supportive 


Supportive 


Suppe wtve 


Supportive 


Supportive 


Supportive 


Supportive 


Supportive 


Supportive 


Supportive 


Supportive 


Supportive 


Surgery 


Surgery 


Surgery 


Supportive 








Re 
Recove 


Recove 


Recove 


Recove 


Recove 
Rec ove 
Recovery 
Rec ove 


Rec over 


Recover 


Died of 


pulmon 
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embolus 


Recover 


Recover 


Recover 


Recover 


Rec over 


Recover) 


Rec over 








Died 


Died 


Recover) 


Recovery 








































TABLE I.—-HISTORY OF CASES—Continued 
\ Age 
Patier Race 
Date Sex Hgb. Blood Accompanying disease Treatment Result 
ery . . . . . 
1° 67 10.2 1,000 Hypertensive vascular disease, duodenal diverticulum, Supportive Recovery 
11 Ww hiatus hernia, obesity 
12-20 F 
ery a ’ : ; ; 
1 71 7.0 3,500 Hypertensive vascular disease, hiatus hernia Surgery Recovery 
D.B Ww 
12-25-56 M 
ery 
1k 72 9.0 1,500 Hypertensive vascular disease Supportive Recovery 
: LI Cc 
y % F 
oie 1 79 6.6 4,000 Arteriosclerosis, emphysema, hepatomegaly Surgery Recovery 
j.l W 
ery 
ak $- 4-5 M 
2216-58 80 6.0 3,000 Supportive Recovery 
ery - . ‘ . 
20 71 13.4 None Hypertensive vascular disease Supportive Recovery 
J.A Ww 
5-15-57 M 
Cry 
_ 21 63 4.3 2,500 None Supportive Recovery 
S.H Cc 
6- 5-57 I 
f 
non 5- 2-58 64 2.9 3,000 Surgery Recovery 
olus 
22 50 10.6 9.500 None Surgery Recovery 
- L.W Cc 
7.95.57 M 
23 80 11.4 None Arteriosclerosis Supportive Recovery 
a LM Ww 
8-30-57 I 


working group of criteria has been de- 
rived from those suggested by Quinn and 
Ochsner and, more recently, Keith and Rini 
Jr) which, when fulfilled, strongly suggest that 
diverticular disease is responsible for the 
bleeding: (1) passage by rectum of bright or 
dark red blood; (2) sigmoidoscopy, barium 
enema, and air contrast studies showing 
diverticular disease with other potentially 
bleeding lesions being excluded; (3) stomach 
and small intestine normal to x-ray visuali- 
zation; (4) normal blood coagulability. 
According to various observers approxi- 
mately 4 to 28 per cent of patients with 
diverticular disease bleed. The incidence of 
massive bleeding, however, is somewhat 
|, less: namely, from none in the series of 
r) Young and Young (31) and DeCosse and 
Aniendola (24 and 12 patients, respectively, 
with bleeding) to 3 of 114 patients with 
dis erticulitis treated by resection by Welch 
an! associates to 19 of 317 cases surveyed by 
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Keith and Rini. Of 76 patients admitted 
during a 10 year period for complications of 
diverticulosis in the series of Quinn and 
Ochsner, 37 were admitted. because of 
hemorrhage, 23 being massive. 

During the period extending from Janu- 
ary 1952 through August 1957, 23 patients 
with massive bleeding associated with 
diverticular disease of the colon were 
treated at the Medical College of Virginia 
Hospitals. They represented 4.5 per cent of 
the 486 patients diagnosed during this time 
as having diverticulosis. No attempt has 
been made to study those patients with 
occult or minimal bleeding; rather, this 
article is concerned with bleeding suffi- 
ciently massive to be noticed by the patient 
and to cause him to seek medical attention. 

Table I represents an analysis of these 
cases (8 which are of particular interest will 
be presented in detail). The patients’ ages 
ranged from 44 to 81 years, the average age 
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being 65 years. There were 14 females and 
9 males. Hypertensive cardiovascular dis- 
ease was present in 13, or 57 per cent. It is 
interesting to note that 1 patient had 4 
hospital admissions with massive bleeding; 
5 others, 2 admissions each. The average 
volume of blood administered to those pa- 
tients managed entirely conservatively was 
1,000 cubic centimeters per hospital admis- 
sion. Their admission hemoglobins ranged 
from 2.8 to 14.2 grams per cent. The 7 pa- 
tients undergoing surgery for control of 
hemorrhage received an average of 6,000 
cubic centimeters of blood each. Their ad- 
mission hemoglobins ranged from 2.9 to 
14.0 grams per cent. A diagnosis of diver- 
ticulitis was made in fewer than one-third 
of the cases. The remaining majority had 
only diverticulosis. 

As may be seen from this review of pa- 
tients, the initial (and, usually, sufficient) 
care is conservative; that is, full supportive 
therapy including adequate blood replace- 
ment. Undoubtedly, most such patients will 
respond to this and cease to bleed quite as 
suddenly as they began. Keith and Rini 
successfully managed 19 such patients, 14 
of whom required more than 1,000 cubic 
centimeters of blood including 1 patient 
receiving 6,000 cubic centimeters; they 
were followed from 4 to 10 years without 
surgery. Stanton reported 14 patients, some 
requiring 2,500 cubic centimeters of blood, 
which he managed without surgery. Turn- 
bull reported 11 elderly patients, all with 
accompanying medical diseases, who were 
managed conservatively; a twelfth under- 
went surgery electively. Only 5 patients in 
Turnbull’s series required blood trans- 


fusion. There are numerous other reports of 


successful conservative management. Such 
a case is now reviewed here. 

Case 11. N. S., (Fig. 1) an 81 year old colored 
female, was admitted to the St. Philip Hospital ward 
surgical service on June 16, 1957, a short while after 
she had spontaneously passed a large, dark, bloody 
stool. She had been previously admitted here a year 
before because of massive bleeding per rectum and 
had been found to have colonic diverticulosis. Treat- 
ment at that time had consisted of supportive meas- 


ures including the administration of 2,500 cv ic 
centimeters of whole blood. She had been dischar; ed 
on a conservative regimen which she had not »>J- 
lowed well. The patient was a diabetic who \ as 
poorly controlled, due to senility. Upon admission on 
this occasion, her blood pressure was 106/60 wit! a 
pulse rate of 70. The only important physical finding 
was the presence of bright blood in the rectum. Her 
hemoglobin was 11.2 grams per cent; blood urea 
nitrogen 43 milligrams per cent; fasting blood sugar 
264 milligrams per cent; her serum electrolytes re- 
flected a state of dehydration. An electrocardiogram 
showed indeterminate T-wave changes. A trans- 
fusion of 1,000 cubic centimeters of whole blood 
was administered on the day of admission, but the 
hemoglobin fell to 9.6 grams per cent in spite of this, 
Sigmoidoscopy to a level of 17 centimeters was nega- 
tive, except for the presence of bright blood. The 
patient continued to bleed mildly for 3 more days, 
then ceased after receiving her third pint of blood. 
As had been the case during her previous admission, 
a barium enema showed fairly extensive diverticulosis 
of the sigmoid colon. Blood coagulability was normal. 
She was discharged on the fourteenth day on a low 
residue diet, mild laxatives, and 1 gram of sulfathali- 
dine 4 times a day. She was seen again on September 
21, 1957, at which time she was asymptomatic and 
had had no recurrence of bleeding. At no time had 
she had any diarrhea or abdominal pain. 


This case illustrates conservative manage- 
ment, which on two occasions has been 
successful in a poor risk, elderly patient. 

When 1 of 2 quite elderly patients treated 
medically by Thompson died from ex- 
sanguination, he raised the question of—in 
a younger patient—attacking the problem 
surgically as a life-saving measure, citing 
the analogy between bleeding diverticula 
and a bleeding duodenal ulcer. Greene has 
pointed out that many surgeons are reluc- 
tant to attribute massive large bowel! 
hemorrhage to diverticular disease. He be- 
lieves that this fact often leads them to delay 
operating upon patients with bleeding 
diverticula. 

It may be noted from Table I that during 
a period of 18 months 7 patients were 
operated upon at the Medical College o: 
Virginia Hospitals in an effort to contro) 
severe hemorrhage from diverticular disease 
of the colon. With the exception of 1 pa- 
tient (L. G.), treated in 1952 and 1953, these 
patients were the only ones who required 
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more than 2,500 cubic centimeters of whole 
blood to maintain a safe blood volume. 
I|l:istrative cases are presented as follows: 


(ask 12. B. F., a 52 year old colored female, was 
admitted to the St. Philip Hospital ward surgical 
service on November 1, 1956. Two weeks prior to 
admission she had experienced vague, aching, lower 
abdominal pain, something she had had at sporadic 
intervals for about 3 years previously. Weakness, 
anorexia, and weight loss had ensued. On the evening 
prior to admission she had passed a dark, bloody 
stool and had fainted. During the night she had 
passed several smaller but bloody stools. The patient 
had previously been admitted in 1952 with early 
congestive heart failure with hepatomegaly. An elec- 
trocardiogram then had shown evidence of an old 
posterior myocardial infarction. Her blood pressure 
had been recorded as 204/128. When she was ex- 
amined in the emergency room on the current ad- 
mission, her blood pressure was 110/80, pulse 100. 
A grade II hypertensive retinopathy was present. 
The only other significant finding was the presence 
of thin, dark blood in the rectum. Hemoglobin was 
9.8 grams per cent with erythrocyte count of 3.21 
million per cubic millimeter and hematocrit of 28 
per cent; prothrombin time, bleeding time, clotting 
time, and platelet count were all normal. An electro- 
cardiogram showed marked ST-T wave changes. 
Sigmoidoscopy was negative to 25 centimeters except 
for dark blood coming down from above that level. 
No blood was present in the stomach as judged by 
Levin tube aspiration. Transfusions totalling 2,000 
cubic centimeters brought the circulating hemo- 
globin up to 10.2 grams per cent only, and her blood 
pressure remained somewhat labile. A barium enema 
showed colonic diverticulosis with the greatest con- 
centration in the ascending colon. An upper gastro- 
intestinal series was normal. An additional 4,000 
cubic centimeters of whole blood over the next 
several hours failed to support her blood pressure 
adequately, and an emergency laparotomy was per- 
formed. Blood was found in the terminal ileum and 
filling the entire colon. A gastrotomy was done and 
proved to be negative for gastric or duodenal disease. 
It was elected to do a loop cecostomy in order to 
divert the fecal stream from the area of diverticulosis. 
\fterward, she was returned to her bed, only to have 
continued massive rectal bleeding 1 hour postopera- 
tively. The cecostomy was opened; blood poured 
from the ascending colon but not from the ileum. 
She was returned to the operating room; and, by 
transverse colotomy, it was ascertained that the bleed- 
ing was occurring both in the right and the left colon. 
, subtotal colectomy was done, this extending to the 

iidsigmoid level. Because of the precarious condi- 
‘on of the patient, the divided bowel was brought 

it in a Mikulicz fashion. By this time she had re- 
ived a total of 9,000 cubic centimeters of whole 





Fic. 1. Case 11. Barium enema done during initial 
admission showing diverticulosis involving principally 
the descending and sigmoid colon. 


blood. Pathologic study of the resected colon showed 
diverticulosis without evidence of associated inflamma- 
tion and no demonstrable bleeding points. Although 
the bleeding per rectum ceased, postoperatively, the 
patient did poorly. On the following night she be- 
came severely obtunded, her blood pressure fell from 
200 to 130 systolic, and she became oliguric. Her 
hemoglobin was 13.0 grams per cent and an absolute 
eosinophile count was 66 per cubic millimeter. Vigor- 
ous supportive treatment resulted in improvement 
and an increased urine output. On the fifth day she 
again became less responsive and bilateral broncho- 
pneumonia developed. Her absolute eosinophile 
count had risen to 429 per cubic millimeter, and so 
intravenous hydrocortisone was administered. A day 
later she went into profound shock and coma. Her 
plasma carbon dioxide fell to 14 milliequivalents per 
liter with a plasma pu of 7.52. Her temperature rose 
to 41.1 degrees C. and she died. Permission for ne- 
cropsy was not granted. It was thought that the im- 
mediate cause of death had been bronchopneumonia 
with a septicemia superimposed upon an anoxic 
encephalopathy, which occured secondary to the 
prolonged shock during the first operation. 
Although proximal colostomy or ileostomy 
was successfully used to control massive di- 
verticular hemorrhage in 7 reported cases, 
such was inadequate surgery in this case. 





- 


Fic. 2. Case 13. Photomicrograph of a sagittal section 
of one of the diverticula. Note the absence of the muscular 
layer with an intact mucous membrane and serosa. There 
is a small amount of blood in the diverticulum, but no 
inflammation nor any demonstrable bleeding point. 

Fic. 3. Case 13. Photomicrograph of a greatly en- 


Casr 13. P. P., a 68 year old colored male, was 
admitted to the St. Philip Hospital ward surgical 
service on November 28, 1956. His wife stated that 
4 days prior to admission he had passed a dark red 
stool and had become quite weak; and intermittent 
passage of the dark, bloody stools continued until 
his admission. The patient had suffered a cerebro- 
vascular accident a month before. His blood pressure 
was 140/70 and his pulse 85; significant physical 
findings were a left hemiparesis, marked skin pallor, 
and the presence of dark blood in his rectum. The 
admission hemoglobin was 6.0 grams per cent, 
erythrocyte count 1.6 millions per cubic millimeter, 
blood urea nitrogen 50 milligrams per cent. Blood 
coagulability was normal as was an electrocardio- 
gram. He was given 1,000 cubic centimeters of whole 
blood during the first hospital day. On the second 
day he began to pass bright blood. Sigmoidoscopy 
was noncontributory. A “‘ total” gastrointestinal series 
showed diverticula scattered throughout the colon 
but mostly low in the sigmoid colon. During this day 
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larged area of the diverticulum shown in Figure 2. On 
the left is normal bowel, and on the right is a portion of 
the diverticulum. ° 

Fic. 4. Case 13. Photomicrograph of one of the 
adenomatous polyps of the sigmoid. There is no ulcera- 
tion of its surface. 


he was given 3,500 cubic centimeters of whole blood 
and 250 cubic centimeters of packed erythrocytes: 
his hemoglobin rose to 12.4 grams per cent. By 6:00) 
a.m. of the third hospital day continuous massive 
rectal bleeding was present. Emergency surgery was 
done. There was no evidence of upper gastrointestina! 
disease, but the terminal ileum and entire colon wer 
distended with blood. It was elected to perform a 
subtotal colectomy since the entire colon was involved 
in the diverticular process and since bleeding was 
apparently occurring in the right and left colon. An 
end-to-end ileosigmoidostomy was done. When th« 
surgical specimen was examined the diverticula 
mucosa was found to be intact with no demonstrable 
bleeding points (Figs. 2 and 3). Also found were 3 
adenomatous polyps of the sigmoid, the largest 
measuring 1.5 centimeters in diameter. One of these 
polyps is shown in Figure 4. In none of the polyps 
was ulceration present. The postoperative course 
was stable for a week, there being no recurrence of 
bleeding. Thereafter he deteriorated rapidly with 
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renal failure and pneumonia. Postmortem examina- 
tion showed an intact intestinal anastomosis, cerebral 
envephalomalacia of the right occipital lobe, pul- 
monary congestion, and bilateral basilar atelectasis. 
The remaining portion of rectosigmoid was normal. 


his case poses a question: namely, what 
part, if any, did the tiny polyps play in the 
bleeding process? It is doubtful if polyps of 
this size, free from ulceration, could have 
been the source of hemorrhage of this se- 
verity. With its fatal outcome, this case is 
somewhat analogous to several found in the 
literature, that is, severe bleeding and su- 
perimposed surgery in a debilitated patient. 


Case 14. G. S., a 55 year old white male, was 
admitted to the Medical College of Virginia Hos- 
pital on December 4, 1956 on the service of Dr. 
Arnold M. Salzberg. He had had good health except 
for mild hypertension until 1 day prior to admission 
when he passed scanty amounts of bright blood per 
rectum. On the day of admission, abdominal cramp- 
ing pain and tenesmus developed. He had a normal 
bowel movement which was followed almost im- 
mediately by a quantity of bright red blood estimated 
to be 250 cubic centimeters. A second such stool was 
passed; after this he fainted and was brought to the 
hospital. His blood pressure was 140/90; his pulse 
was 80; he was quite pale. There were no other 
significant physical findings. Admission hemoglobin 
was 14.0 grams per cent; blood coagulability studies 
were normal; an electrocardiogram was negative. 
Sigmoidoscopy was negative. Two days after admis- 
sion a “‘total’’ gastrointestinal series showed 2 equiv- 
ocal areas of diverticulitis—one at the hepatic flexure, 
a second in the sigmoid colon. On the next day 
the patient bled massively twice, the second episode 
consisting of a stool estimated to contain about a liter 
of bright red blood. A total of 3,500 cubic centimeters 
of whole blood had been necessary to maintain his 
blood pressure at about 120/80. Emergency surgery 
was done. The terminal ileum and entire colon were 
found to be distended with blood. The colon was the 
site of scattered small diverticula, but- no other 
abnormalities were found. Operative endoscopy via 
a transverse and a right colotomy revealed blood 
issuing forth from the proximal colon only. In the 
ascending colon was seen a small ulceration in the 
center of which was a spurting artery. The clinical 
impression was that an early but ulcerating sessile 
carcinoma was the origin of the bleeding. A right 
colectomy and ileotransverse colostomy were done. 
Figure 5 illustrates a pathologic section through the 
ulcerated area, which proved to be diverticulitis. A 
polyp of the ileocecal valve was also found in the 
surgical specimen. The postoperative course was un- 





Fic. 5. Case 14. Photomicrograph of the bleeding 
diverticulum of the ascending colon showing mucosal 
ulceration and the other changes of diverticulitis as well 
as an artery, which probably was the source of the 
hemorrhage. 


eventful, and the patient has had no recurrence of 
bleeding in a 10 month follow-up period. 

There are three salient features of this 
case. First, rapid and adequate blood re- 
placement succeeded in keeping this patient 
out of more than mild shock and kept his 
circulating hemoglobin level normal. Sec- 
ond, the colotomies with subsequent identi- 
fication of the actual bleeding point prior to 
interruption of the right colic vessels per- 
mitted the right colectomy to be done with 
relative assurance of success in checking the 
colonic bleeding even though diverticula of 
the sigmoid region were left undisturbed. 
Third, here again is an adenomatous polyp 
coexistent with diverticula in a case in 
which hemorrhage actually was seen at the 
time of operation to be stemming from di- 
verticulitis. 
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Actual visualization of a bleeding diver- 
ticulum has seldom been reported. Smith 
found in 1 patient at sigmoidoscopy bleeding 
from the orifices of several diverticula. This 
patient had had massive hemorrhage, but 
he was able to manage the case without 
operation. 


Case 17. D. B., a 71 year old white male, was 
admitted to the Medical College of Virginia Hospital 
on December 25, 1956 on the service of Dr. Herbert 
C. Lee. The patient had spontaneously passed dark 
black clots and bright red blood per rectum 1 to 6 
times each day for the 5 days preceding admission. 
A hemoglobin determination done on the second day 
of bleeding was 14.0 grams per cent. Hospitalization 
had then been advised but refused by the patient 
because of the proximity to Christmas. Six months 
prior, he had had a 2 months’ bout of cramping 
abdominal pain and had been found by barium 
enema to have sigmoid diverticulosis; the prescribed 
low residue diet and medications were not used by 
the patient, but the pains abated. He had had no 
fever and no weight loss. His blood pressure on ad- 
mission was 150/90; his pulse, 95. A grade II apical 
systolic murmur was heard over the precordium. 
Except for reddish black stool in the rectum, the 
remainder of the physical examination was negative. 
His hemoglobin had dropped to 7.0 grams per cent; 
his blood urea nitrogen was 23 milligrams per cent; 
blood coagulability tests were normal as was an 
electrocardiogram. Supportive treatment, including 
2,000 cubic centimeters of whole blood, was given 
during the first 48 hours. His blood pressure stabi- 
lized, and the passage of blood per rectum slowed but 
did not cease entirely. Surgical exploration was 
performed in an effort to control the hemorrhage. 
The only demonstrable abnormality was the di- 
verticulosis and the presence of blood in the sigmoid 
colon. A transverse colotomy was negative. The 
sigmoid colon was resected for a length of 15 centi- 
meters so as to extirpate most of the diverticula- 
bearing bowel. A primary end-to-end anastomosis 
was done. Pathologic study of the specimen showed 
18 diverticula, none of which was ulcerated; no point 
of bleeding was found. The postoperative course was 
uncomplicated, and a follow-up for 16 months has 
been negative except for a report from the patient’s 
daughter that on 1 occasion he passed a small amount 
of bright blood—for which he has refused to seek 
medical attention. 


Once the condition of the patient had 
been stabilized surgery was undertaken be- 
cause of continued hemorrhage. A sigmoid 
resection done to eradicate most of the 
diverticula resulted in cessation of bleeding. 


Case 19. J. L., a 79 year old white male, was « ||- 
mitted to the Medical College of Virginia Hospi .:! 
on April 4, 1957 on the service of Dr. Herbert C. L: 
In 1954 and again in January 1956 he had be: n 
admitted because of anemia secondary to chron 
blood loss from diverticular disease shown by bariuin 
enema to involve the transverse and left colon. He 
had had sporadic episodes of rectal bleeding durii:g 
the 3 years previous to the current admission, having 
refused surgery twice. On the evening prior to ad- 
mission the patient noted weakness after an attempted 
defecation. Early on the next morning he passed a 
melanotic stool followed in several hours by passag 
of a large quantity of bright blood; he then fainted 
He was brought to the emergency room at 9:00 a.m 
with a blood pressure that was unobtainable clini- 
cally; levophed administered intravenously raised it 
to 130/80 with a pulse rate of 90 while whole blood 
was being cross-matched. The patient complained 
of weakness, nausea, and epigastric pain. Physical 
findings were those of pulmonary emphysema, shock, 
and hepatomegaly. His hemoglobin was 6.6 grams 
per cent; erythrocyte count was 2.44 million pei 
cubic millimeter. An electrocardiogram was negative 
He was given 1,000 cubic centimeters of whole blood 
During the next 12 hours he passed 2 dark red stools, 
each estimated to contain about 350 cubic centimeters 
of blood; 2,000 cubic centimeters of additional blood 
were given during the next 24 hours as he continued 
to pass dark blood per rectum. On the sixth hospital! 
day he was transferred to the operating room in an 
effort to stop the still uncontrolled bleeding. Explora- 
tion showed gross blood in the cecum and right 
colon as well as the left colon; the sigmoid was thick 
and edematous and contained many diverticula. 
The remainder of the gastrointestinal tract was 
normal. A sigmoid resection (25 cm. in length) was 
done, and an end-to-end anastomosis was accom- 
plished. Pathologic examination showed diverticu- 
losis without ulceration and a tiny adenomatous 
polyp; no bleeding point could be found. The post- 
operative course was complicated by a partial wound 
disruption on the eighth day. He was discharged on 
the seventeenth postoperative day and remained 
asymptomatic for 10 months. He was readmitted on 
February 16, 1958 with a hemoglobin of 6.0 grams 
per cent, hematocrit of 23 per cent and stools which 
were consistently positive for occult blood. He com- 
plained of vague pain in the right flank, the etiology 
of which could not be determined. A week following 
admission he suddenly passed 200 cubic centimeters 
of clotted blood per rectum. Throughout the day he 
passed small bloody stools and became virtually 
moribund. He was managed conservatively with the 
administration of 3,000 cubic centimeters of whole 
blood plus conjugated equine estrogens (premarin) 
intravenously. The hemorrhage stopped, his condi- 
tion improved, and over the course of the next week 
his stools became free of blood. He was readmitted 
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on \pril 10, 1958, complaining of weakness, nausea, 
an dyspnea. His hemoglobin was 9.0 grams per cent, 
anc his stools contained occult blood. He was given 
1,500 cubic centimeters of whole blood and the 
bleeding again ceased. He was discharged a few days 
later. 


During the 2 recent readmissions the pa- 
tient’s general condition was judged to be 
too precarious to warrant the risk of pre- 
cipitating more bleeding by subjecting him 
to sigmoidoscopic or barium enema ex- 
amination. He was believed to be too poor a 
risk for the performance of any surgical 
procedure. 

Casr 22. L. W., a 50 year old colored male, was 
admitted to the ward medical service of St. Philip 
Hospital on July 25, 1957. He had enjoyed excellent 
health until 2 days prior to admission when he passed 
a large, dark stool. A day later he passed 2 large, 
dark red stools and thereafter had “blacked-out” 
whenever he attempted to stand. His blood pressure 
was 60/0, his pulse 78 on admission, and there was 
dark red blood in the rectum. Otherwise, the physical 
examination was negative. Hemoglobin was 7.6 
grams per cent, erythrocyte count 2.92 million per 
cubic millimeter. Blood coagulability studies were all 
normal. He was given 1,000 cubic centimeters of 
whole blood. On the second hospital day a limited 
upper gastrointestinal series was attempted. It was 
not wholly a satisfactory effort because of syncope by 
the patient; however, no duodenal deformity was 
noted. Three more large, bright red stools were passed. 
An additional 2,500 cubic centimeters of blood were 
given to support the patient’s blood pressure. Sur- 
gical consultation was obtained, and emergency 
operation was advised. Abdominal exploration re- 
vealed no abnormality except massive diverticulosis 
of the cecum and ascending colon. The diverticula 
thinned out and became smaller in the left colon but 
did extend well into the sigmoid area. The clusters 
of cecal diverticula consisted of pouches measuring 
up to 2 centimeters in diameter. The colon was acutely 
distended with blood, which also was present in the 
terminal ileum. A subtotal colectomy and primary 
end-to-end ileosigmoidostomy were done. Histologic 
study showed diverticulosis without inflammation 
and without demonstrable bleeding points. The post- 
“perative course was complicated by bronchopneu- 
inonia and, later, by a partial small bowel obstruc- 
ion, for which he was operated upon on the twenty- 
-eventh day after his initial surgery. Multiple fibrous 

dhesions were lysed. Inspection of the remaining, 
nresected sigmoid colon showed no diverticula to 
present. He was discharged 2 weeks later. At 
low-up examination 8 weeks following colectomy, 
he patient was gaining weight and having 3 formed 


stools per day. There has been no recurrence of 
bleeding. 


Quinn and Ochsner have concluded that 
bleeding from diverticula of the ascending 
colon is quite uncommon. Perhapsarightco- 
lectomy would have sufficed in this case. With 
the known difficulty in definitely ascertain- 
ing the location of the bleeding vessels, how- 
ever, it was decided that a resection of the 
left and upper sigmoid colon, which were 
also diseased, was preferable. 


Case 2.. S. H., a 64 year old colored female, was 
admitted to the ward surgical service of the St. Philip 
Hospital on May 2, 1958. Her local physician re- 
ferred her in order that she might be given blood 
transfusions to correct a blood loss from bleeding per 
rectum which had been present intermittently over 
a period of several weeks. She had passed dark stools 
as well as stools mixed with bright blood; the last 
such stool had been passed 1 day prior to admission. 
She complained of mild nausea and weakness. There 
was a history of admission to a hospital elsewhere in 
June 1956 and March 1957 for rectal bleeding of 
sufficient severity as to require transfusions. She had 
been admitted to St. Philip Hospital on June 5, 1957 
after rectal bleeding of 5-days’ duration. Her hemo- 
globin had been 4.3 grams per cent; bleeding and 
clotting times, prothrombin concentration, and 
platelet count had been normal. A barium enema 
had shown extensive diverticulosis from cecum to 
sigmoid. Sigmoidoscopy and upper gastrointestinal 
series were normal. A total of 2,500 cubic centimeters 
of whole blood was administered. The hemorrhage 
stopped and she was discharged on a low residue 
diet, sulfathalidine, and laxatives. She had had no 
recurrence when examined in the outpatient depart- 
ment a month later and did not return until the cur- 
rent admission. There were no remarkable physical 
findings. Her hemoglobin was 2.9 grams, hematocrit 
15 per cent, blood coagulability tests were again 
normal. Sigmoidoscopy and upper gastrointestinal 
x-ray films were again normal. A bariumenema again 
showed extensive diverticulosis involving the entire 
colon. The patient continued to bleed slowly and 
then passed 2 large, bloody stools on the fourth 
hospital day. She was given a total of 1,500 cubic 
centimeters of packed erythrocytes and 1,000 cubic 
centimeters of whole blood during the first week in 
the hospital. On the twelfth day abdominal explora- 
tion was done. The only finding was extensive di- 
verticular disease involving the colon down to the 
lower sigmoid. A subtotal colectomy and end-to-end 
ileosigmoidostomy were done. Pathologic study 
showed several areas of diverticulitis but no actual 
bleeding point. At this writing she is 2 weeks’ post- 
operative and has had no recurrence of the bleeding. 
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‘Two additional patients whose condition 
was diagnosed as hemorrhage from diver- 
ticula underwent surgery in an effort to 
control massive large bowel hemorrhage. 
One was a 35 year old colored female who 
had a subtotal colectomy and _ ileosig- 
moidostomy for diverticulosis involving the 
entire colon down to the rectosigmoid. In 
the immediate postoperative period she 
again bled massively and was found to have 
a 2 centimeter laceration just above the 
pectinate line. This was sutured, and she 
made an uneventful recovery. Because it 
cannot be established definitely that the 
rectal laceration was not present prior to 
colectomy, although the 2 preoperative sig- 
moidostomies had failed to demonstrate it 
and had shown bright blood coming down 
from above the level of 22 centimeters, this 
case has not been included in this series. ‘The 
second patient was a debilitated 65 year old 
colored female with massive bleeding per 
rectum who had a sigmoid diverticulitis and 
who underwent an emergency Mikulicz re- 
section. A mucosal ulceration adjacent to 
the area of diverticulitis was found at opera- 
tion and proved on pathologic study to be a 
stercoral ulcer. The patient bled _post- 
operatively from the distal (defunctional- 
ized) segment of rectosigmoid and later ex- 
pired. Necropsy showed 2 additional ster- 
coral ulcers in the rectoanal region. Al- 
though this patient met the criteria for 
bleeding from diverticula, she was found to 
be bleeding from another cause. 


DISCUSSION 


A review of the literature has yielded a 
total of 24 cases in which surgery was done 
in order to control hemorrhage from colonic 
diverticular disease. Most of these proce- 
dures were performed as emergencies, and 
most of the patients were over 60 years old. 

Stone (26) reported a case in which no 
resection was done when exploration re- 
vealed nothing but diverticulosis to be 
present; he gave no follow-up. Greene re- 
ported 2 similar cases with recovery in both. 
Cate and Quinn and Ochsner were forced 


to do subtotal colectomies 12 and 48 hours, 
respectively, postoperatively, after explo: a- 
tions for hemorrhage had been negative 
except for diverticulosis. 

Hickey, Chenoweth (3), and Jensen have 
each reported a colon resection having becn 
done successfully. Hoar and Bernhard per- 
formed 3 such resections with but 1 sur- 
vival. Noer performed a sigmoid resection 
upon a patient who eventually recovered. 
Also, he was forced by continued hemor- 
rhage 24 hours postoperatively to extend 
a right hemicolectomy to a subtotal colec- 
tomy; however, the patient succumbed a 
day later. Welch and associates successfully 
followed a sigmoid resection, done a year 
previously, with a total colectomy when 
massive bleeding recurred. Young and 
Howorth (32) succeeded with a subtotal 
colectomy only to have the patient expire 
11 days later with a myocardial infarction. 
Teicher and Abrahame reported a success- 
ful subtotal colectomy. 

Sucéessful use of a proximal ileostomy or 
colostomy has been reported by Foster and 
Fisher, Chenoweth (2), and McCune. 
Kunath and Knight each have reported 2 
such cases. Hoar and Bernhard reported 
the death of such a patient 36 hours post- 
operatively. One of the patients reported 
by Kunath, one of those reported by Knight, 
and the patients of Foster and Fisher and 
of McCune and associates subsequently 
underwent interval colon resections. Kunath 
also mentioned using postoperative topical 
coagulants via the distal limb of the 
colostomy with encouraging results. 

Ransom and Mobley and associates have 
mentioned patients undergoing surgery to 
control diverticular hemorrhage but have 
not included case details. 

The group of patients mentioned, with 
the series of 7 added by this article, totals 
31 cases. The combined mortality rate has 
been 29 per cent. 

There is general agreement that surgery 
for bleeding from diverticular disease should 
be undertaken when conservative measures 
have failed. As Stone (25) observed, in 
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cases of massive hemorrhage of obscure 
origin, Operation is a last resort in the face 
o! uncontrollable bleeding. He believes, as 
do others, that the operation may not be 
an entirely satisfactory effort and may not 
control the hemorrhage. However, Hoar 
and Bernhard and Kunath believe that 
undue delay should not take place once the 
diagnosis has been made fairly certain, and 
it has become apparent that transfusions 
are inadequate treatment. The author is in 
complete accord with this view. 

A careful attempt should be made to 
look for other possible causes of massive 
rectal hemorrhage even when diverticular 
disease is present. The failure to demon- 
strate other causes should raise the suspicion 
that the bleeding is coming from the di- 
verticula, but this may not always prove 
to be so. T'wocases mentioned here appeared, 
insofar as could be determined, to be bleed- 
ing from diverticula. One of the patients 
continued to bleed following a subtotal 
colectomy and was found to have a:lacera- 
tion of the rectum which cannot be defi- 
nitely ruled out as the cause of the original 
bleeding. The other patient continued to 
bleed after resection of diverticula-contain- 
ing bowel, and it was ultimately established 
that stercoral ulceration was the cause of 
the bleeding. Sigmoidoscopy and _ total 
gastrointestinal x-ray films had failed to 
demonstrate in both cases any pathologic 
condition other than diverticular disease of 
the colon. 

At operation, once it has been established 
that the diverticula are the probable cause 
of the bleeding, unless the actual bleeding 
point can be demonstrated—as is not often 
the case—it becomes necessary to resect 
all of the colon containing diverticula. If 
the condition of the patient is precarious, 
a Mikulicz type of resection is usually ad- 
visable (as in the case of B. F.); otherwise, 
a primary anastomosis may be performed. 

As has been previously pointed out, 
several cases have been treated successfully 
by procedures aimed at diversion of the 
fecal stream and putting the diseased bowel 


at rest. This was done in 8 reported cases 
with control of bleeding in critically ill 
patients. Seven of the 8 patients recovered, 
4 successfully undergoing subsequent colon 
resection; another died from a myocardial 
infarction on the second postoperative day. 
The remaining 3 did not have colon resec- 
tion but had no recurrence of hemorrhage. 
In 1 case reported here a loop cecostomy 
was performed while the patient was bleed- 
ing massively. The patient continued to 
bleed, however, and was forced to undergo 
additional surgery. 


SUMMARY AND CONCLUSIONS 


1. Massive hemorrhage may occur from 
diverticula of the colon. — 

2. Other possible causes for the bleeding 
must be ruled out effectively. 

3. A series of 23 patients with massive 
bleeding from diverticular disease of the 
colon treated at the Medical College of 
Virginia Hospitals during a period of 5!4 
years is presented. 

4. Conservative management is adequate 
for most cases. 

5. Seven of the 23 patients presented 


here had to be operated upon for the pur- 


pose of controlling blood loss. ‘Twenty-four 
similar cases have been reported in the 
literature. 

6. At operation, all of the colon contain- 
ing diverticula should be resected unless the 
actual bleeding point can be identified. 

7. In a bleeding patient too critically ill 
to tolerate resection or colectomy, proximal 
ileostomy or colostomy may be helpful al- 
though there is no certainty that the bleed- 
ing will stop following this procedure. 
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Pi LSE TRANSMISSION ‘THROUGH GRAFTS 





F. N. NIGUIDULA, M.D., and T. I. JONES, M.D., Rochester, New York, and 


W. ANDREW DALE, M.D., F.A.C.S., Nashville, 


ArTENTION has recently been directed toward 
the hemodynamic changes resulting from 
blood vessel grafts and prostheses in terms 
of transmission of the arterial pulse wave 
through these replacements. It has been 
suggested editorially by Schenk that “‘cloth 
arterial prostheses interfere rather markedly 
with pulse pressure while homografts inter- 
fere very little’ and that “‘arterial homo- 
grafts are preferable to cloth prostheses 
simply because they do not interfere with 
pulse pressure.” 

At the time that this appeared in the 
literature we were engaged in a study of 
autogenous vein grafting by the end-to-side 
shunt method in the dog’s femoral arterial 
system and were using arterial pulse pressure 
studies proximal and distal to the graft as an 
indication of the complete patency of the 
anastomoses which could not necessarily 
be determined from outward inspection 
alone. For instance, Figure 2 illustrates the 
arterial pressure determination proximal 
and distal to an autogenous venous shunt 
graft with considerable diminution of the 
distal pulse pressure although to all outward 
ippearances the vascular anastomoses were 
excellent. This diminished distal pulse pres- 
sure led to investigation of the anastomoses 
and removal of a small clot from one. There 
was increased amplitude of the distal pulse 
following that procedure, and this finding 
suggested to us that at least under experi- 
mental conditions of the autogenous venous 
shunt graft series the pulse pressure distally 
was not diminished by the graft (1). 

These studies have been extended to in- 
clude prosthetic replacements of vessels in 
not only the early but also the late post- 
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operative period and are briefly reported to 
indicate that in our experience there is no 
large pulse pressure diminution resultant 
from a properly applied graft whether this 
be autogenous vein, homologous artery, or 
synthetic prosthetic. 

METHODS 

In a series of mongrel dogs various types 
of vascular grafts were applied either end- 
to-end or end-to-side into the arterial sys- 
tem. All operations were conducted under 
nembutal anesthesia by using aseptic tech- 
nique. Vascular anastomoses were performed 
with No. 5-0 continuous silk using a simple 
over-and-over suture which was always in- 
terrupted at least twice by mattress sutures. 
Following operation, these animals were 
studied at intervals by percutaneous angi- 
ography and later sacrificed at varied post- 
operative times. 

Pressure studies were conducted either at 
the time of original operation or at a later 
postoperative time by inserting an angled 
No. 20 needle into the lumen of the artery 
both proximal and distal to the anastomosis. 
Figure 1 shows the system. Since it was rec- 
ognized that the luminal position of the 
needle (upstream, downstream, or protrud- 
ing into the side of the stream) resulted in 
variation in the indicated pressure, consider- 
able effort was made to insert these needles 
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Fic. 1. Diagram of method of obtaining pulse pres- 
sures on both sides of vascular graft. 
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as nearly as possible into the center of the 
vessel pointing upstream, and the needle it- 
self was angled so that its distal end would 
lie in the center of the lumen parallel to the 
walls. By means of this needle puncture, the 
interior of the vessel was connected through 
a heparinized saline system of polyethylene 
tubing of the same diameter and length to 


Fic. 2. Autogenous saphenous venous graft showing 
distal pulse pressure decrease due to small suture lin 
thrombus. 


Fic. 3. Pulse pressures proximal, within, and distal to 
woven nylon femoral shunt graft, 5 centimeters long, 
show no change 486 days after operation. 

Fic. 4. No loss of pulse pressure through crimped 
nylon femoral graft, on operative day. 


strain gauges recording on either a Sanborn 
multichannel electronic recorder or a spe- 
cially modified Grass electronic recorder. 
The same strain gauge was used to measure 
both proximal and distal pressures via a 
three way stopcock system which would 
alternately measure each. 
DISCUSSION OF RESULTS 

Table I is a summary of the studies of 
pressure which have been performed to date 
and includes 7 autogenous veins studied im- 
mediately after shunt grafting of the femoral 
arterial system and 2 autogenous veins 
studied in the late postoperative period. 
Three of the venous shunt grafts showed 
increased distal pulse pressure, 5 decreased 
distal pulse pressure and 1, no change. 

The only 2 homograft arteries which have 
been studied both showed some decrease in 
distal pulse pressure. 
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TALLE I.—PULSE PRESSURE STUDIES PROXIMAL 
ANI) DISTAL TO VARIOUS GRAFTS IN 33 DOGS 
Pulse pressure 
P.O Graft 
De lay Position 


proximal, distal, change 


Length, cm. mm. mm. mm. 


__AUTOGENOUS VEIN 


34( 0 Femoral shunt 12 15 10 


5 
375 0 Femoral shunt 21 13 - 8 
387 0 Femoral shunt 45 65 +20 
11% 0 Femoral shunt 56 65 +9 
29 0 Femoral shunt 21 10 —11 
2%) 211 Femoral shunt 19 9 —10 
23 0 Femoral shunt 24 28 + 4 
It 0 Femoral shunt 35.5 27 8.5 
119 790 Femoral shunt 18 18 0 


HOMOLOGOUS ARTERY___ ~ * — 
440 330 Femoral shunt 43 37 — 6 
239 327 Femoral shunt 17. 


wn 
—- 
~ 
wn 
| 
—_ 


: WOVEN NYLON TUBING 
483 298 Aortic e-e 


6 15 20 + 5 

331 390 Aortic e-e 5.5 15 20 + 5 
342 370 Aortic e-e 4.5 15 15 0 
71 486 Femoral shunt 5 50 50 0 

CRIMPED NYLON = 
238 532 Aorto-iliac shunt 5 15 20 + 5 
454 407 Aorto-iliac shunt 9 50 55 + 5 
373 755 Aorto-iliac shunt 4 25 25 0 
307 732 Aorto-iliac shunt 30 30 0 
410) 0 Femoral shunt 30 30 0 
18% 302 Thor.-abd. shunt 23 30 27 -— 3 
243 336 Thor.-abd. shunt 24 28 32 + 4 
200 501 Abd. aortic e-e 6 25 50 +25 
’4 534 Abd. aortic e-e 5 17 17 0 
304 273 Abd. aortic e-e 5 46 56 +10 
- HEAT SEALED WOVEN DACRON — 
457 157 Aorto-iliac shunt 9 12 12 0 
263 205 Aorto-iliac shunt 10 74 70 4 
ELASTICIZED DACRON 
7 157 Aorto-iliac shunt 9.5 13 11 - 2 
416 175 Aorto-1liac shunt 9 36 48 +12 
415 186 Aorto-iliac shunt 9 28 28 0 
405 0 Aorto-iliac shunt 10 13 13 0 
—— GLASS TUBE ; 
158 0 Abd. aortic e-e 8 25 30 + 5 


O day, operative day; e-e, end-to-end anastomosis. 


Twenty synthetic prosthetic grafts of 4 
different types were studied as indicated in 
lable I. A locally developed woven nylon 
tubing was studied 4 times. Crimped nylon 
was studied once on the operative day and 
° times at later dates as long as 755 days 
alter implantation. Two heat sealed woven 
dacron and 4 elasticized dacron studies com- 
pleted the synthetic studies. In 3 of these 
there was distal reduction; in 9, no pressure 
change; in 8, distal increase in pulse pres- 
we. In other words, in only 3 of the 20 was 











Niguidula ef al.: PULSE TRANSMISSION THROUGH GRAFTS 63 





Proximal 





Distal 


Fic. 5. 





Distal 
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Fic. 5. No loss of pulse pressure through crimped 
nylon aorta right iliac shunt graft 755 days after opera- 
tion. 

Fic. 6. Pulse transmitted through glass tube in dog's 
abdominal aorta, on operative day. 


pulse pressure reduced by flow through the 
synthetic graft. 

Figure 3 shows pulse pressure studies 
proximal to, within, and distal to woven 
nylon femoral shunt graft on the four hun- 
dred and eighty-sixth postoperative day. 
There is only the slightest difference between 
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the measurements indicating no loss of pulse 
pressure through this nylon tube. 

Figure 4 shows a pulse pressure study 
proximal and distal to a Tapp-Edwards 
crimped nylon prosthesis on the day cf op- 
eration. There is no loss of pulse pressure. 

Figure 5 shows a study of pulse transmis- 
sion through a Tapp-Edwards crimped 
nylon prosthesis 755 days after operation 
without particular loss of pulse pressure. 

A further test of the transmission of the 
pulse wave by a prosthesis was made by 
inserting a glass tube 6 millimeters in in- 
ternal diameter and 8 centimeters long into 
the abdominal aorta of a dog and tying both 
the proximal and distal aorta to the slightly 
flanged end of this tube. Figure 6 illustrates 
the pulsation transmitted across such a glass 
tube in a dog. It is quite apparent that there 
is excellent transmission of the pulse wave 
through the rigid glass tube and even some 
increase. 

These studies of the pulse pressure trans- 
mission through an absolutely rigid glass 
tube as well as through synthetic prostheses, 
homologous arteries, and autogenous veins 
indicate that, so far as pulse pressure trans- 
mission is concerned, previous fears that a 
damping effect would occur were not justi- 
fied and that this stated disadvantage of 
synthetic grafts is not true. Laboratory ex- 
perience here indicates that when such 
damping of pulse wave transmission occurs, 
the anastomosis of the graft should be sus- 
pected as faulty or that a partial clot may 


be present within either the anastomosis or 
the graft. These anastomotic faults and c! sts 
cannot be demonstrated by external obs: r- 
vation or gross palpation, and observation of 
the transmission of the pulse wave is a mure 
accurate way of determining the absolute 
patency of the anastomoses and the grit 
either in the early or late postoperative 
period. Clinical testing of anastomosis pa- 
tency by this method seems indicated. 


CONCLUSION 


Early as well as late studies of autogenous 
veins and synthetic plastic grafts applicd 
both as end-to-side shunts and end-to-end 
replacements in the arterial system demon- 
strate no loss of pulse pressure from proximal 
to distal end provided the anastomoses were 
completely patent and that noclot be present 
within either anastomosis or graft. This and 
the transmission of an undiminished pulse 
wave through a glass tube either in the 
aorta or on a pulsatile mechanical pump 
indicate that synthetic tubes transmit the 
circulatory pulse pattern as well as do autog- 
enous veins. The study suggests that testing 
the transmitted pulse pressure distal to a 
graft is indicated clinically to be certain that 
there is proper patency. 
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BACTERIOSTASIS OF ‘TETRACYCLINE 


DEPOSITED IN BONE 


RUSSELL L. ANDERSON, JR., M.D., ALBERT B. FERGUSON, JR., M.D., 
and ABRAHAM I. BRAUDE, M.D., Pittsburgh, Pennsylvania 


‘}ETRACYCLINES have been demonstrated to 
have a localization in various tissues includ- 
ing bone, after oral and parenteral admin- 
istration. The deposition of tetracycline is 
evidenced as a golden fluorescence under 
ultraviolet radiations. With this means of 
identifying the presence of the antibiotic in 
bone, the question of bacteriostatic and 
bacteriocidal effect of this fluorescent com- 
pound arises. 

This article records the results of experi- 
ments undertaken to determine whether 
tetracycline still maintains a bacteriostatic 
effect when deposited in bone. Three objec- 
tives were in mind: (a) the effectiveness of 
the compound in bone, (b) the duration of 
effectiveness, and (c) the effectiveness of a 
single versus multiple doses of the broad 
spectrum antibiotic—tetracycline hydro- 
chloride. 


MATERIAL AND METHODS 

Twenty-four arimals were used for this 
experiment. These animals were equally 
divided between male and female albino 
rabbits weighing 1.08 to 3.50 kilograms. 
The diet for these rabbits consisted of a 
standard laboratory Purina rabbit chow 
without antibiotics. Cancellous and cortical 
lone was removed from animals which were 
exposed to tetracycline hydrochloride, and 
‘rom control animals. Control animals were 
‘dministered normal saline solution in doses 
imulating the amount of medication their 
iates, the test animals, received. 

The animals were divided into two 
roups. One group of animals received a 
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single injection of 250 milligrams of tetra- 
cycline hydrochloride per kilogram. A sec- 
ond group of albino rabbits was given 6 
injections of the same amount of the anti- 
biotic but at 8 hour intervals. Animals were 
sacrificed at 16, 24, 44, 72, and 96 hours 
after the last parenteral injection. Portions 
of bone shaped in disc form were taken from 
ubia and femur, metaphyseal-epiphyseal 
and diaphyseal areas, 3 to 5 millimeters in 
height and 8 millimeters in diameter. These 
bone discs were stored in sterile bottles and 
refrigerated at —10 to —32 degrees C. until 
assay. 

Some of these bone discs were placed on 
blood agar plates inoculated with tetra- 
cycline-sensitive microorganisms (a) Micro- 
coccus pyogenes var. aureus, (b) Micro- 
coccus pyogenes var. albus, and (c) Strepto- 
coccus viridans (group A type). 

In order to confirm the results from the 
method mentioned (the bone disc plating 
method), a second biologic assay procedure 
was carried out. The frozen bone discs were 
placed in a sterile mortar containing a small 
amount of sand, and ground as fine as pos- 
sible. To the sand and ground bone were 
added 2 cubic centimeters of a phosphate 
buffer (px 6.0). ‘The ground bone and buffer 
extract was transferred to a sterile bottle by 
using a sterile blade and pipette. ‘The sand 
was washed with several aliquots of the 
phosphate buffer. The washings were al- 
lowed to add up to a final volume of 5 cubic 
centimeters. The homogenate was then set 
in a refrigerator for about an hour to in- 
crease extraction. 

As in the first method of testing, similar 
microorganisms were streaked on blood agar 
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Fic. 1. Photograph of a blood agar plate streaked with 
Micrococcus pyogenes var. aureus; it contains 2 bone 
discs removed from rabbits 24 hours after their last 


intramuscular injection. The top disc showing a zone of 


inhibition was taken from a test animal which received 
250 milligrams per kilogram of tetracycline in 6 intra- 
muscular injections. The bottom bone disc showing no 
zone of inhibition was taken from acontrol which received 
6 intramuscular injections of normal saline solution. 


plates. When the plates were dried three 
cylinders (Oxford cups) were placed on 
each plate. ‘The cups were filled with (a) the 
phosphate buffer, (b) extract from control 
bone, and (c) extract from test bone. 

All plates were incubated at 37 degrees C. 
for 24 to 36 hours and then read. 

RESULTS (FIG. 2) 

There was concurrence in the two stated 
methods of testing the bacteriostatic effect 
of tetracycline hydrochloride within bone. 
Clear cut zones of inhibition developed 
about bone from all animals receiving tetra- 
cycline within 96 hours of sacrifice. Bone 
from animals sacrificed more than 96 hours 
after the last parenteral injection of tetra- 
cycline hydrochloride or normal saline solu- 
tion produced no inhibition of bacteria. 
Inhibition zones were measured in milli- 
meters. Of those animals receiving single 
parenteral injection of tetracycline hydro- 
chloride, the bones of the 24 and 44 hour 
animals showed zones of inhibition of 7 and 


ACTION OF TETRACYCLINE TREATED 8 NE 
(Zone of Bacterial Inhibition in Millimeters 


SINGLE INJECTION (250 mgms/Kg) 


NO OF 
SAMPLES 7mm Simm. m 
TEST BONE (5) * 2 2 
Omm Omm m 
CONTROL 
BONE!) wt ° a 
MULTIPLE INJECTIONS (250 mgms./Kg x 6) 
8-9 mm. N-I2 mm 7-8 mm 3-4mm 2 mm 
TEST BONE (8) © * © e * 
Omm Omm Omm Omm Omm 
CONTROL 
Bone 8) ° 2 * * 6 
16 24 44 72 96 
HOURS 
Fic. 2. Comparison of results obtained from animals 


receiving tetracycline hydrochloride and those from 
animals receiving normal saline solution (control ani- 
mals). Although definite zones of inhibition were re- 
vealed about bone from animals which received a sing: 
parenteral injection of tetracycline, 250 milligrams per 
kilogram, larger zones of antibacterial effect were noted 
about bone discs of animals receiving 250 milligrams per 
kilogram over 2 successive days at 8 hour intervals, 
especially 24 and 44 hours after the last parenteral in- 
jection. No zones of inhibition were noted about control 
bone or bone from animals having had _ tetracycline 
within bone longer than 96 hours. 


5 millimeters respectively. Whereas animals 
receiving multiple doses of the antibiotic 
showed the following: (a) the bone of the 16 
hour animals revealed an 8 to 9 millimeter 
zone of inhibition, (b) that of the 24 hou 
animals demonstrated the largest zone ot! 
inhibition, 11 to 12 millimeters, (c) of the 44 
hour animals, 7 to 8 millimeter zone o! 
inhibition, and (d) that of the 72 hou 
animals revealed a 3 to 4 millimeter zone o! 
inhibition. 


DISCUSSION 


Although there is a persistence of tetra- 
cycline in bone for many weeks and months 
as a brilliant gold fluorescence, the thera- 
peutic action at least against certain com- 
mon pathogens appears to be limited to 
within 96 hours after the cessation of th 
antibiotic medication. 

Braude and Spink, in their experimental 
work with mice and guinea pigs infected 


with brucella, demonstrated prolonged pro- 
tective action of tetracycline for as late as 96 








col 
lie 
stu 
tet 
cul 
en 
Cal 


rel 


ire 
lir 
cli 
tic 
lor 
be 


al 
pl 
1 
Ww 
by 


oO! 





als 


mm 








lhours alter the injection of the drug. Because 
«tracyclines have been recorded within 
urine of man and experimental animals for 
as long as 72 and 96 hours following an 
injection of the tetracycline, it has been 
suspected that there must be a storage depot 
of the drug within the animal. 

By radioactive isotope study the greatest 
concentration of tetracycline within the 
skeletal system has been thought to be within 
compact bone. But we have reason to be- 
lieve, on the basis of some of our recent 
studies (1), that at least for 24 to 48 hours, 
tetracycline is confined to fibrous and vas- 
cular elements of bone (e.g., the periosteum, 
endosteum, osteoblastic zones, haversian 
canals, arterioles, and veins). 

The loss of the antibiotic activity in bone 
removed 96 hours after the last dose of tetra- 


cycline may be related to diffusion in vivo of 


free tetracycline from bone. But possibly a 
firm bond is established between tetracy- 
cline and bone in a metallic-cation-polypep- 
tide complex, which accounts for the pro- 
longed visualization of this antibiotic within 
bone. 

The largest zones of inhibition appeared 
about bone taken from metaphyseal-epi- 
physeal areas as compared to diaphyseal 
hone discs. It has not been possible to prove 
whether the activity is confined to cellularly 
bound or extracellulary bound tetracycline, 
or whether both localizations of the anti- 
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biotic are equally active and for the same 
duration of time (1). 

As shown in Figure 2, there is a significant 
difference in the 24 and 44 hour test bone 
after multiple injections as compared to test 
bone following 1 injection. The latter result 
appears to be in keeping with findings ex- 
pressed by many authors regarding tetra- 
cycline blood serum levels. Because of tetra- 
cycline affinity within bone, if this drug is 
given at frequent intervals of 2 to 3 days, it 
is conceivable that this antibiotic could 
remit or end certain types of osteomyelitis. 


SUMMARY 


Previous authors have demonstrated that 
tetracycline localizes within certain tissues 
including bone. The fact that tetracycline 
persists for months as a golden fluorescence 
in bone bears an independent relationship 
to its bacteriostatic effect. Tetracyclines 
maintain a bacteriostatic effect in bone up 
to 4 days following administration. Multiple 
doses of tetracycline add to the bacterio- 
static effectiveness of the antibiotic within 
bone. 
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TIMING OF ‘TRANSFER OF FLAPS IN 
RECONSTRUCTIVE SURGERY 


FF. S. HOFFMEISTER, M.D., Buffalo, New York 


THE “DELAY” OF FLAPS before their transfer 
was introduced into reconstructive surgery 
by the Italian surgeon ‘T'agliacozzi (2) in the 
sixteenth century. ‘The basis of this empiric 
procedure was later rationalized as a cir- 
culatory compensating mechanism; a partial 
limitation of the arterial inflow or venous 
outflow, or both, imposed by the delay, is 
supposed to produce compensatory vas- 
cular changes which stimulate circulation 
in the flap and maintain its viability under 
the adverse circumstances produced by the 
transfer. The premise is based on the fre- 
quent phenomenon in general physiology 
that a gradually increasing deficiency stim- 
ulates a compensatory mechanism. A\l- 
though the validity of the basic premise was 
never proved, Tagliacozzi’s clinical proce- 
dure and its later rationalization were 
generally accepted. In clinical practice, the 
anatomic design of the flap, the time inter- 
vals between individual delays, and the in- 
terval between delay and transfer present a 
confusing picture. 'wo parallel incisions, 
U-shaped incisions with or without under- 
mining, and combinations of these proce- 
dures are used; one or several delays are 
applied; the time interval between _ in- 
dividual delays and the interval between 
delay and transfer vary from surgeon to 
surgeon from several days to several months. 
The issue is of great clinical importance. In 
the absence of quantitative experimental 
evidence, it is conceivable that the basic 
premise is incorrect. Even if this is not the 
case, it is possible that delays of various 
anatomic designs differ in their effects. The 
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interval between delay and transfer might 
be of importance. Safety and speed of the 
patient’s rehabilitation are primary objects 
in reconstruction. In order to carry out the 
reconstruction with best results and at 
maximum speed it is desirable to know: (1) 
whether the delay actually enhances the cir- 
culation; (2) what, if any, is the optimum 
anatomic design of the delay from the point 
of view of circulatory enhancement; (3) 
what, if any, is the optimum interval be- 
tween the delay and the transfer. Because of 
their clinical importance in reconstructive 
procedures, a quantitative study of these 
problems was carried out. 
MATERIAL AND METHODS 

The present empiricism and variety ol 
clinical routines result from the fact that 
until recently no quantitative method was 
available to ‘‘measure”’ the circulation. 
Radioactive tracers have made the quanti- 
tative approach possible. Introduction of a 
tracer into the systemic circulation presents 
extreme difficulties in interpreting the data 
To simplify the interpretative difficulties, 
Kety introduced the tracer locally into the 
tissue. He showed that, theoretically, a tis- 
sue deposit of Na* should decrease along 
a single exponential curve corresponding to 
the equation Q=Q,° * where Q, is the initial 
amount of Na*‘in the unit mass of tissue and 
k is the tissue clearance constant for sodium. 
Plotted semilogarithmically, the curve yields 
a straight line whose slope (clearance con- 


stant) represents a quantitative measure of 


the total ability of the ‘local circulation” 
to remove and to supply freely diffusible 
substances. Kety confirmed experimentally 
the correctness of the mathematical analy- 
sis. It must be emphasized that the tissue 
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Fic. 1. The gamma technique was used in circulation studies. Intradermal injection of Na* into the flap. 


Fic. 2. a and b, Scintillation probe and a scaling unit. 


clearance as represented by the clearance 
constant is an expression of a complex 
process involving blood flow, lymph flow, 
and all the factors affecting the equilibrium 
between the capillary blood, lymph, and the 
issue Na*, i.e., diffusion rate, diffusion 
distance, capillary tissue interface, filtration 
and absorption rates of the extracellular 
fluid with respect to the capillary, and, 
possibly, other factors. Tissue clearance 
might be generally characterized as the 
effectiveness of local circulation or local 
circulatory efficiency. It is by no means 
identical with vascular access or egress. 

Technique. Gamma technique was used in 
this study. Beta particles are absorbed 
readily in tissues, and consequently the 
depth of the injection is a critical factor. 
Ihis is not the case with gamma emitters 
hecause relatively little absorption takes 
place in the tissue. The isotope used was 
Na”, having an initial activity of 24 
microcuries with a concentration of 12.9 
milligrams per cubic centimeter in the form 
of sodium chloride (Fig. 1). Na” has a half 
life of 2.8 years) and emits a 1.3 million 
electron volts gamma. The gamma flux was 
detected by scintillation probe (Fig. 2a) 
which was collimated with collimation 
iperture of approximately 14 inch and a 
lepth of 114 inches. The pulses from the 
nstrument were fed to a scaling unit with 
binary scale (Fig. 2b). 

One-tenth milliliter of solution contain- 
ing 0.25 microcurie was used. The depth of 


the injection was estimated at 1 millimeter. 
We were unable to devise a method which 
would determine with accuracy the depth 
of the injection; however, this was not 
critical because of the gamma _ technique 
used. 

The use of clearance constant was incon- 
venient for the purpose of this study. The 
actual numerical value of k has no funda- 
mental significance when applied to circula- 
tion studies. It is the relative values of two 
measurements which are of importance. 
Barron suggested the use of a circulation 
index I. Since the half-period of the dis- 
appearance curve is inversely proportional 
to the slope of the semilogarithmic plot, the 
circulation index I is I=‘23, where T/2 is 
the half-period of the disappearance curve 
in minutes. The circulation index I was 
found useful for the purpose of this study. 
To demonstrate the difference between the 
experimental site and the control, the cir- 
culation index of the control site (Ic) was 
considered equal to 100 per cent, and the 
circulation index of the experimental site 
(le) was expressed as percentage of the 
control. 

The procedure was as follows: Following 
injection of the isotope, counts were taken 
through periods of 90 seconds, with inter- 
vals of 30 seconds between counts. The 
counts were plotted on a semilogarithmic 
scale and the half-time of the control site 
and the experimental site were determined. 
Circulation indices of the control site (Ic) 
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Fics. 3, 4, and 5. Delay by two parallel incisions and undermining. 


Fic. 3. Flap outlined. 
Fic. 4. Flap raised. 


Fic. 5. Flap sutured back. Y indicates site of clearance determinations. 


and the experimental site (le) were cal- 
culated and plotted. 
RESULTS 


Circulatory effects of the delay using two 
parallel incisions and undermining. In this ex- 


periment the effect of the simplest form of 


the delay, i.e., two parallel incisions and 
undermining, was investigated. The ques- 
tion was whether or not this type of delay 
contributes significantly to circulatory effi- 
ciency and, if so, what is the pattern of cir- 
culatory efticiency in the period following 
delay. One hundred and fifty-four deter- 
minations were carried out on 8 dogs. 
Surgically, the procedure was routine (Figs. 
, 4, and 5). Immediately following surgery 
Na™ was injected into the middle of the 
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INSIGNIFICANT INCRE ASE 
OF CIRCULATORY EFFICIENCY 
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CIRCULATORY EFFICIENCY 
RETURNS TO NORMAL 
TRANSFER FEASIBLE BUT 
NO ADVANTAGE GAINED BY 
DEL AY 


CIRCULATORY EFFICIENCY 
40% BELOW NORMAL 


ao4 TRANSFER DANGEROUS 
TO FLAP 


VALUES OF CIRCULATORY EFFICIENCY 
) 


¢ } 3 
ONE WEEK TIME IN WEEKS 


BEFORE DELAY 


Fic. 6. Results of first experiment. 


flap, which is the critical area in this type ol 
flap. To establish the predelay values, the 
determinations were carried out a week and 
a half prior to the delay and continued ove: 
the period of 6 weeks postoperatively. Th: 
results of the experiment are shown di- 
agrammatically in Figure 6. The graph 
represents a statistically computed median 
curve of the individual determinations. [| 
shows that immediately following surgery 
there was a decline in circulatory efficiency. 
Following the decline an increase took 
place, until a maximum was reached in 
about 3 weeks. The maximum represents a 
peak rather than a plateau, being of short 
duration, and followed by a rapid decline to 
normal values. 

The eventual increase in circulatory 
efficiency following this type of delay in- 
dicates that the basic premise of the delaying 
procedures is correct. The immediate post- 
operative decrease of the circulatory effi- 
ciency shows that the timing of the transfer 
during the period of the initial decrease 
would mean operating under circulatory 
conditions less favorable than those existing 
before the delay. A surgeon carrying out the 
transfer in this period of time has not only 
failed to derive any benefit from the delay, 
but, on the contrary, carried out the trans- 
fer in a circulatory situation which was less 
favorable than that which existed before the 
delay. The median values of the postdelay 
optimum were about 120 per cent. It is 
doubtful that a 20 per cent increase in cir- 
culatory efficiency significantly enhances 
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Fics. 7, 8, and 9. Delay with U-shaped incision and undermining. 
Fic. 7. Flap outlined. 

Fic. 8. Flap raised. 

Fic. 9. Flap sutured back. 


the chances of the flap to survive. Ob- 
viously, this type of delay has limited clinical 
value. 

The time interval between the peak 
values and the terminal normal values was 
only a few days, indicating that the surgeon 
has a narrow margin in which to carry out 
the transfer. Otherwise, no benefit what- 
ever will be derived from the delay. 

In summary, it might be said that the 
delay represented by two incisions and 
undermining has limited clinical value. If 
used, the transfer must not be carried out 
within a week following the delay; 3 weeks 
is the optimum time. To defer the transfer 
beyond 3 weeks nullifies even the small cir- 
culatory enhancement gained by the delay. 

Circulatory effects of the delay using a U- 
haped incision and undermining. The second 
type of delayed flap frequently performed is 
that using a U-shaped incision and under- 
mining. With this exception the procedure 
in this experiment was identical with the 
previous one. Figures 7, 8, and 9 show the 
surgical procedure. 

The experiment was carried out on 10 
dogs. The total number of determinations 
was 556. Clearance values were determined 
at the distal end of the flap, the critical part 
of the flap in this type of delay. The results 
of the experiment are shown in Figure 10. 


Figure 10 shows that the general pattern of 
circulatory efficiency was similar to the 
previous type of delay, i.e., initial decline, 
followed by the increase reaching a maxi- 
mum in about 3 weeks, followed by a rapid 
decline to normal values. The differences 
between the U-shaped type of delay and the 
previous one are quantitative; the minimum 
values in the former types are lower, the 
maximum values higher, the interval be- 
tween the minimum and maximum values, 
and the duration of the maximum values 
longer. 


CIRCULATORY EFFICIENCY 
PEAK 50 % ABOVE NORMAL 


TRANSFER AT THIS TIME 









NORMAL 


CIRCULATORY EFFICIENCY 
BACK TO NORMAL 

NO ADVANTAGE GAINEC 
BY THE TRANSFER 


VALUES OF CIRCULATORY EFFICIENCY 
- F : 


CIRCULATORY EFFICIENCY 
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Fic. 10. Results of second experiment. 
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Fic. 13. 


Fics. 11, 12, and 13. Comparison of U-shaped type of delayed flap and nondelayed flap. 


Fic. 11. One flap delayed. 
Fic. 12. Nondelayed flap outlined. 


Fic. 13. Both delayed and nondelayed flaps transferred under identical conditions. 


The curve confirms again the validity of 
the basic premise of the delaying proce- 
dures. Because the initial decline is more 
pronounced in this type of delay (90 per 
cent below normal) than in the previous 
type (20 per cent below normal), transfer 
within 1 week following the delay is even 
more hazardous than was the case in the 
previous type of the delay. To transfer the 
Hap at this time imposes trauma on a flap 
which already lives a precarious existence. 

The median values of the circulatory 
maximum were about 150 per cent as com- 
pared with 120 per cent in the previous type 
of delay. This is considered of definite 
clinical value. To take advantage of this 
enhancement the timing of the circulatory 
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Fic. 14. Graph demonstrating statistically computed 
median values of raised nondelayed as compared with 
raised delayed flaps. 


peak must be considered; the transfer must 
be carried out at the time of peak values 
These were reached a little after 3 weeks 
The duration of peak values was again 
short, 3 to 5 days as compared with 1 to 3 
days in the previous type of delay. ‘To trans- 
fer the flap before or after the peak values 
were reached would mean to miss the very 
benefits of the procedure. 

Circulatory efficiency of flaps raised 3 weeks 
following the U-shaped type of delay compared 
with nondelayed flaps. The previous experi- 
ment showed that by using the U-shaped 
type of incision and undermining, a signifi- 
cant increase in circulatory efficiency was 
obtained. Synchronizing the transfer with 
the circulatory peak is difficult because 
of the short duration of the peak values. In 
clinical practice, the interval between the 
delay and the transfer must be standardized 
because the techniques used in this study 
are too elaborate to be applied in clinical 
routine. The pattern of the circulatory 
efficiency (Fig. 10) indicates that about 3 
weeks is the optimum period for transfer. 
With this in mind, in the following experi- 
ment we standardized the interval between 
the delay and raising the flap for transfer at 
3 weeks. It will be recalled that in the pre- 
vious experiments the circulatory efficiency 
of delayed flaps was studied; the flaps were 
neither raised nor transferred following the 
delay. In these experiments the flaps were 
raised 3 weeks after the delay. 
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‘he surgical procedure was routine. A 
fla) was raised on the back. Three weeks 
latcr the delayed flap and a new nondelayed 
flay from a symmetrical area on the back 
were raised. Figures 11, 12, and 13 show the 
procedure. The circulatory efficiency of the 
delayed flap was then compared with the 
nondelayed flap. The technique of the 
clearance determinations was identical with 
that of the previous experiments. This sur- 
gical procedure was carried out on 12 dogs; 
the number of clearance determinations was 
270 

Figure 14 represents a bar graph demon- 
strating statistically computed median values 
of the raised nondelayed as compared with 
raised delayed flaps. The values were ob- 
tained 24 hours after raising the flaps; the 
first delay is notoriously the critical period 
for the survival of the flaps. Figure 14 
shows clearly the difference in circulatory 
behavior between the delayed and nonde- 
layed flaps following raising. The circula- 
tory efficiency of the previously delayed 
flaps was about 90 per cent of normal, the 
circulatory efficiency of the nondelayed 
flaps about 10 per cent of normal. Clinically, 
the data show that the circulatory efficiency 
of flaps, raised 3 weeks following the delay 
using 3 incisions and undermining, is sig- 
nificantly higher than that of nondelayed 
flaps. While the nondelayed flaps were 
existing on the borderline of viability (10 
per cent of normal), the delayed flaps were 
well viable (90 per cent of normal). The 
data show that standardization of the trans- 
fer at 3 weeks is of definite value. 


SUMMARY 


The objective of the study was to investi- 
gate the basic premise of the delaying pro- 
cedures, the effect of the anatomic design of 
the flap on the circulatory efficiency, and 
the optimum interval between the delay 
and the transfer. The circulatory efficiency 
of flaps was determined using dermal clear- 
once of Na®”. The study was carried out on 

) dogs. The total number of clearance de- 
ierminations was 980. 
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The following results were observed: 

1. When two parallel incisions and under- 
mining constituted the procedure, the circu- 
latory effects of the delay were: (a) In the im- 
mediate postoperative period there was a 
decrease in circulatory efficiency to about 
80 per cent of normal values. (b) Following 
the initial decline there was an increase in 
circulatory efficiency to about 120 per cent 
of normal values. The interval between the 
delay and the peak values was about 3 
weeks. (c) The circulatory maximum was 
represented by a peak, followed by a rapid 
decline. The interval between the circula- 
tory peak and the terminal normal values 
was about 3 days. 

2. When a U-shaped incision and under- 
mining constituted the procedure the circu- 
latory effects of the delay were: (a) The cir- 
culatory pattern was similar to that using two 
parallel incisions and undermining, i.e., ra- 
pid decline, gradual increase toa peak, and a 
rapid decline to normal values. (b) The 
initial decrease in circulatory efficiency was 
to about 10 per cent of normal values. (c) 
The circulatory maximum was about 150 
per cent of normal values. The interval 
between the delay and the circulatory peak 
was about 3 weeks. (d) Following the cir- 
culatory peak there was a rapid decline in 
the values of the circulatory efficiency. Nor- 
mal values were reached in about 5 days. 

3. The circulatory efficiency of flaps 
raised 3 weeks after delay using U-shaped 
type of delay was around 90 per cent of nor- 
mal values; the circulatory efficiency of 
raised, nondelayed flaps was around 10 per 
cent of normal values. 


CONCLUSIONS 

The circulatory enhancement which fol- 
lowed the delays indicates that the basic 
premise of the delaying procedures is cor- 
rect. To raise a flap within 1 week following 
the delay represents a hazard to the flap. 
This applies to both types of delay used in 
these experiments. The anatomic design of 
the delay has a significant effect on the re- 
sulting circulatory enhancement. The delay 
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using two parallel incisions and undermin- 
ing does not produce any clinically signifi- 
cant circulatory enhancement. On the other 
hand, the delay using a U-shaped incision 
and undermining did produce a remarkable 
circulatory enhancement. In order to derive 
maximum benefit from this enhancement 
the transfer must be synchronized with the 
circulatory peak. When the interval be- 
tween the delay and raising the flap was 
standardized at 3 weeks, the circulatory 
efficiency of the nondelayed flaps was about 
10 per cent, that of the delayed flaps about 
90 per cent. 

It is suggested that two parallel incisions 
and undermining as a delaying procedure 


January 1959 


represent unnecessary surgery. The U- 
shaped type of delay with underminin: js 
recommended. Transfer of the flap 1 week fol- 
lowing the delay is hazardous to the flap. 
Transfer of the flap in the period of time 
longer than 3 weeks following the delay is 
ineffective as a circulation “‘booster”’ and 
a waste of time. Transfer precisely 3 wecks 
following the delay is recommended. 
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OF THE ESOPHAGUS 


UNTIL RECENTLY medicine had little to 
offer the patient suffering from cancer of the 
esophagus. During the past 15 years, sur- 
gical extirpation of part or all of the esopha- 
gus has been proved possible and reports of 
5 year survivals following surgical excision 
of malignant tumors of the esophagus have 
been made. However, these survivals repre- 
sent less than 5 per cent of the cases seen 
each year. Since the anatomy of the esopha- 
gus and its adjacent structures precludes 
any hope of increasing the extent of the sur- 
gical excision of this type of cancer along 
with the regional lymphatic channels, efforts 
at improving the survival rate from this 
disease would seem best directed at earlier 
diagnosis. Sweet has shown that vastly better 
results are obtained in patients with unin- 
volved lymph nodes compared to those with 
positive nodes of presumably longer dura- 
tion. We have thought that earlier diagnosis 
of this disease could be made in many cases 
if a simple method of obtaining exfoliative 
cells from the esophagus could be devised 
and if the cells obtained could be diagnosed 
accurately. 

There are several aspects of cancer of the 
csophagus which induced us to make a 
cytologic study of exfoliated cells. 

1. Usually the only early symptom of this 
(jisease is dysphagia which may be slight and 
intermittent for weeks or months and thus 
‘ails to alert the patient and doctor to the 
‘riousness of the situation until the optimum 
‘1me for surgical or radiologic treatment is 
ast. As is well known, intermittent, mild 
cysphagia is a fairly common, self-limiting 


From the Department of Surgery, Massachusetts General 
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THE CELLULAR DETECTION OF CARCINOMA 


THOMAS GEPHART, M.D., Boston, Massachusetts, and 
RUTH M. GRAHAM, B.S., D.Sc.(Hon.), Buffalo, New York 


symptom in many patients and frequently is 
not associated with any demonstrable dis- 
ease. Even if the diagnosis is suspected, an 
early lesion may be difficult to demonstrate 
by barium study and difficult to see by 
esophagoscopy. Neither physicians nor pa- 
tients are prone to accept the discomforts, 
expenses, and risks of an esophagoscopy as 
an early step in the study of dysphagia. In 
contrast, we have found few patients who 
have objected to swallowing a Levin tube to 
secure esophageal washings, particularly 
when the test is even less difficult than the 
usual gastric analysis in that the patient is 
allowed to drink saline as the tube is passed. 

2. After surgical excision or x-ray treat- 
ment of carcinoma of the esophagus, in- 
creasing dysphagia may develop. It is often 
difficult and sometimes impossible to de- 
termine by barium study or esophagoscopy 
whether this is a result of recurrent disease 
or of scar tissue formation. The examination 
of exfoliated cells should be of considerable 
help in determining the presence or absence 
of malignant disease. 

3. Over 95 per cent of carcinomas of the 
esophagus are of squamous cell type and are 
similar in many respects to cancer of the 
uterine cervix. It is possible that the 
phenomena of sensitization response (SR) 
and radiation response (RR) which have 
been described by Graham and Graham 
(1-3) in relation to cancer of the uterine 
cervix may be applicable in some form to 
cancer of the esophagus. Not only has the 
determination of the SR and RR been a 
useful prognostic index in cancer of the 
cervix but also these determinations are 
proving to be a valuable aid in deciding 
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TABLE I.—CYTOLOGIC DIAGNOSIS IN PATIENTS 
WITH NO CANCER 

Pos. Neg. Dbt. Unsat. Total 
Benign stricture of esophagus 0 19 7 1 27 
Hiatus hernia. 0 7 3 0 10 
Achalasia . 0 2 2 0 4 
Benign hypertrophy of esophagus. 0 1 2 0 3 
Benign tumors of esophagus. 0 2 0 0 2 
Carcinoma lung. Ter 0 3 1 4 
Disease outside esophagus. ‘ 0 8 0 0 K 
Ms 5.4. bi04s. pox memee eure 0 39 17 2 58 


whether surgical excision or radiotherapy is 
the treatment of choice for a given patient. 
These tools could be of value in assisting the 
clinician in determining whether a given 
case of carcinoma of the esophagus would 
best be treated by surgical excision or x-ray. 


METHOD 


‘The method used to obtain the washings 
has required little in the way of equipment 
or preparation. With the patient sitting or 
propped well up in bed, a No. 12, 14, or 16 
Levin tube is passed through the nose until 
it enters the esophagus. The patient then 
drinks isotonic saline as the tube is passed 
downward. Washings are obtained from 
various locations in the esophagus, particu- 
larly at and just below the level of the 
suspected lesion, by aspirating through the 
tube with a 100 cubic centimeter glass 
syringe while the patient continues to 
swallow saline solution. The level of the 
lesion is usually a few inches below the point 
the patient indicates, externally, as the 
place where the food-seems to stick. 

Specimens are obtained from several 
levels including, if relatively clear, one from 
the stomach. For this reason, it is desirable, 
but not essential, to have the patient fasting 
prior to the examination. We have com- 
pleted many satisfactory washings on pa- 
tients at various times of the day whenever 
they have come to the hospital for x-ray 
therapy without particular regard to food 
ingestion. It has been found best not to 
attempt washings for at least 24 hours and 
preferably 48 hours after ingestion of barium 
for x-ray examination. 

The specimens are spun down and the 
sediment smeared as soon as possible after 
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they are secured. Personal attention to the 
prompt delivery of the washings to the 
laboratory as soon as possible after they have 
been obtained and immediate centrifuging 
of the washings after they arrive at the 
laboratory is of prime importance in ac- 
quiring good cells for examination. ‘| he 
smears are fixed in 95 per cent ethyl alcohol 
and stained by Papanicolaou’s stain. 
MATERIAL 

This is a report of 257 esophageal wash- 
ings on 158 patients. This group included 64 
cases of primary carcinoma of the esophagus, 
25 cases of adenocarcinoma of the cardia of 
the stomach and lower esophagus, 46 cases 
of benign inflammatory lesions of the esoph- 
agus, 12 patients with no disease or with 
disease outside the esophagus (controls), 
and 11 patients who had had resection or 
irradiation for cancer of the esophagus or 
cardia and who were studied for evidence of 
recurrence. This last group added to 9 pa- 
tients from the first two categories made a 
total of 20 patients who were studied for re- 
currence at least 6 months after therapy. 
Finally, 1 or more washings were done on 16 
patients while receiving radiation therapy. 
RESULTS 

In classifying the results when more than 
1 washing was obtained on a patient, the 
initial report, whether positive or negative 
was used as the final diagnosis, even if a 
subsequent washing did not confirm this 
There were 3 exceptions to this in the earl) 
cases of the series when we had less experi- 
ence in obtaining the washings. These 3 pa 
tients had high, nearly completely obstruct 
ing lesions, and the tube either could not bi 
passed into the esophagus or could not b« 
passed to the region of the lesion. At sub- 
sequent examinations, by catching re- 


gurgitated saline, positive washings were ob- 
tained. This observation emphasizes th« 
need for several examinations in cases il 
which there is considerable question about 
the diagnosis or in which the results of the 
washings are not in agreement with the his- 
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tor. and x-ray findings. Cases in which the 
initial washing was reported as doubtful or 
unsatisfactory were removed from these 
categories when a _ subsequent washing 
proved to be positive or negative. 


CAKCINOMA OF THE ESOPHAGUS 

lor purposes of analysis, this group is 
composed of the squamous cell carcinomas 
and the adenocarcinomas of the middle and 
upper thirds of the esophagus. Because of 
the impossibility of differentiating between 
adenocarcinomas which arise in the lower 
esophagus and those which arise in the 
cardia of the stomach, and since most of 
these are probably of gastric origin, all cases 
of adenocarcinoma of the lower esophagus 
have been included in the group of adeno- 
carcinomas of the cardia. 

There were 64 cases in this group of 
primary carcinomas of the esophagus studied 
before any treatment was undertaken. 
Microscopic confirmation by biopsy through 
the esophagoscope or by surgical excision 
was obtained in 60 of these cases. The other 
4 patients had obvious carcinoma by 
roentgenologic and esophageal examination 
and had positive cytologic results by wash- 
ings but failed to show carcinoma on the 
esophagoscopic biopsy. For one reason or 
another, they did not have a thoractomy or 
repeat biopsy. Fifty-seven of these were 
squamous cell in type, 2 adenocarcinomas, 
and 1 an adenocanthoma (with a pre- 
dominance of the adeno-type cell). 

rhe results of the washings on this group 
of patients were as follows: 57 positive, 3 
negative, 3 doubtful, and 1 unsatisfactory. 
Of the 57 positive results, 51 occurred on the 
initial washing and the remainder occurred 
on a second washing after an initial doubt- 
ful or unsatisfactory report. 

Chere were 3 doubtful reports, and in 
each case there had been, for one reason or 
another, only 1 washing before surgery. 
Obviously, further washings should have 
b-en done on these patients. 

[he unsatisfactory report resulted from 
too few cells in the washings in 1 patient. 


There were still not enough cells on a repeat 
examination to make a definite evaluation. 

The 3 patients on whom negative reports 
were obtained are of particular interest. One 
of these represented a single washing in the 
patient with the adenoacanthoma. The 
second one occurred as the initial washing 
in a patient with a squamous cell lesion of 
the midesophagus past which it was im- 
possible to pass the Levin tube. A second 
washing was doubtful and a third washing 
at operation, when the tube passed the 
lesion, was positive. The third false negative 
occurred in an inoperable midesophageal 
squamous cell lesion in which an_ initial 
washing was doubtful and the second one 
negative. 

In this group, correct positive washings 
were obtained in 89 per cent of the cases and 
false negatives in only 5 per cent. Further 
washings in cases of doubt and more per- 
sistence in attempting to get the washings 
from at or beyond the lesion when x-ray ex- 
aminations are suggestive of carcinoma might 
have led to even better statistical results. 


ADENOCARCINOMA OF THE CARDIA 

There were 25 patients with adenocar- 
cinoma of the cardia and the diagnosis was 
confirmed in each case by surgical explora- 
tion. Positive reports were obtained in 16 
patients, negative in 5, and doubtful in 4. 
These results do not approach the accuracy 
of the esophageal lesions which are pre- 
dominantly squamous cell type and may 
reflect the greater tendency for squamous 
cells to desquamate. They also suggest that 
modifications in the technique for securing 
samples might be indicated for lesions of the 
lower esophagus and cardia in hopes of im- 
proving the results. Rather than a washing 
technique, better results might be obtained 
by securing fasting samples of gastric secre- 
tions with efforts directed toward emptying 
the stomach as completely as possible. 

The 4 doubtful reports and 4 of the 5 
negative reports represent single examina- 
tions, emphasizing again the desirability of 
repeated examinations. 
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Fic. 1. Benign cells seen in esophageal washing. Two 
superficial cells and a benign ciliated columnar cell. 
Clumps of chromatin are present in the nucleus but 
background is fairly homogenous. 


NONMALIGNANT LESIONS OF THE ESOPHAGUS 
AND CONTROLS 

There were 58 patients studied who did 
not have carcinoma of the esophagus or 
cardia. An effort was made to study as many 
patients as possible with strictures and 
esophagitis as this is the group in which 
false positives have been reported, as in- 
dicated by Johnson and associates. It is also 
the group in which it is frequently difficult 
to differentiate from carcinoma by x-ray 
study or esophagoscopy. The results in this 
group are shown in Table I. 

It is interesting to note that, although 
there are no positive reports, there is a 
fairly high percentage of doubtfuls among 
the cases with so-called ‘‘esophagitis.”’ This 
observation parallels similar studies on 
sputums and will be mentioned further in 
the discussion of cytology. 


CYTOLOGY 

The cytology of esophageal washings is 
quite straightforward. As may be seen in the 
discussion of results, there have been no 


» January 1959 


false positive reports in this series and very 
few false negatives (5 per cent). With this 
technique of esophageal washing, abun: ‘ani 
cellular material is obtained. The be:ign 
squamous cells are present in great numbers 
and the majority of them are of the super- 
ficial type, either cornified or precornified 
cells and easily identifiable. Contamin ints 
from the pulmonary tract are fairly fre- 
quent, histiocytes laden with carbon  par- 
ticles and ciliated columnar cells (Fig. 1). 
Occasionally, columnar cells are seen which 
are not ciliated and probably have come 
from the gastric mucosa. 

The malignant cells encountered in 
esophageal washings are either undifler- 
entiated malignant nuclei with no definite 
cellular borders (Fig. 2) or they are typical 
differentiated squamous carcinoma cells. 
Malignant cells are considered to be un- 
differentiated if the nuclei have all the 
characteristics of malignant cells, abnormal 
clumping of chromatin, and an uneven 
nuclear background, yet have no identifi- 
able cellular borders. In Figure 1, it is im- 
possible to see cellular borders. As a cellular 
border is necessary to identify the type of 
carcinoma, one must consider such nuclei as 
indicating an undifferentiated carcinoma. 

The differentiated cells of squamous car- 
cinoma are readily identifiable. The most 
common cell seen in these esophageal wash- 
ings is a small round cell the size of an inner 
layer basal, usually with an acidophilic 
cytoplasm, sharp cell wall and, of course, a 
malignant nucleus (Fig. 3). In the termi- 
nology used in our laboratory, such cells are 
classified as the third type differentiated 
squamous cancer cell. They are the most 
differentiated of any squamous cancer cell 
and correspond to the basal cell in every 
way except the configuration of their 
nuclear material. The other differentiated 
squamous cancer cells are those having 4 
bizarre form such as the fiber cell or the 
tadpole cell. 

Though the malignant cells in esophage: | 
washings are obvious when found, they ai 
not numerous. The desquamation of tum« 
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lic. 2. A group of undifferentiated cancer cells. Note 
that chromatin shows marked irregularity in pattern. 


cells is not great in esophageal cancer. In 
this technique, it is necessary that the 
screening of the slides be highly efficient. 
The success in diagnosis in this series is due 
in great measure to the fact that all pre- 
liminary screening was done by technicians 
with many years of experience in cytology. 
The abundance of normal cells and the 
paucity of cancer cells make it essential that 
the screening be done carefully and con- 
scientiously. 

The nonmalignant cases with doubtful 
reports are of interest since in all there was 
definite esophageal disease. ‘There were 7 
cases of esophagitis, 3 of hiatus hernia, 2 of 
achalasia, and 2 of benign hypertrophy of 
the lower esophagus. The cases are too few 
to make any definite conclusion concerning 
the cell type in these different conditions, 
but it is of interest that in 3 of the cases of 
‘ophagitis the same type of abnormal cell 
sas present. In 2 of these cases also there 
‘as a hiatus hernia associated with the 
ophagitis. Since one report (1) suggests 
\at it isextremely difficult to distinguish the 
cells desquamating from an inflammation of 
ine esophagus, it may be well to describe 
1ese cells in some detail. 

These cells are identical morphologically 
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Fic. 3. A differentiated squamous carcinoma cell as 
seen in esophageal washings. 


with the cells seen in sputum which we 
associate with squamous metaplasia. In a 
discussion of these cells (5) we have referred 
to them as “‘deep cells,” attempting by this 
term to suggest that they appear as rather 
immature benign cells and have charac- 
teristics usually associated with cells found 
deep in the squamous epithelium. Normal- 
ly, such cells do not exfoliate, being covered 
by layers of cornified and precornified cells. 
However, in some instances these cells for 
some reason yet unknown do not mature 
normally to precornified and cornified cells 
and reach the surface of the epithelium in a 
rather immature state. 

The first characteristic of these cells which 
appears suspicious to the cytologist is their 
increase in chromatin (Fig. 4). Their nuclei 
are very deeply stained. It should be re- 
membered that increase in chromatin per se 
does not indicate that the cell is malignant. 
Even though the chromatin appears in- 
creased in amount if the nuclear pattern is 
regular, the cell should be considered 
benign. Another perhaps confusing charac- 
teristic of these cells is that there may be an 
increase in chromatin clumping. In the cell 
seen in Figure 4, there are several large 
chromatin clumps. Chromatin clumping of 
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Fic. 4. Squamous epithelial cells with increased chro- 
matin and many chromatin clumps. Background chro- 
matin is homogenous. Such cells may be seen in esopha- 
gitis. 


itself does not indicate a cancer cell if the 
nuclear background is smooth and homog- 
enous. The presence of many chromatin 
clumps probably indicates a rapid nuclear 
metabolism since well preserved, freshly ob- 
tained cells, as for example, the columnar 
cells seen in bronchial secretion, almost al- 
ways have increased clumping of the chro- 
matin. The cells in Figures 2 and 5 should 
be compared. Both have many charac- 
teristics in common. They are of approxi- 
mately the same size, and they both have an 
increase in chromatin. However, in Figure 2 
it is apparent that the entire nuclear ma- 
terial is involved in the malignant process. 
In no portion of the nucleus is there regular 
arrangement of chromatin. In the deep cell, 
the chromatin shows more clumping than 
usual but the nuclear background is smooth 
and regular consisting of chromatin particles 
of even size and spatial arrangement. 
Another change which occasionally causes 
difficulty is beginning degeneration of the 
nucleus. In Figure 5 the nucleus of the 
superficial cell shows beginning pyknosis. 
The chromatin is condensing at the periph- 
ery of the nucleus making it appear hyper- 
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chromatic. No intimate nuclear struciire 
can be observed. Such cells as this one 
should be recognized as degenerating «ind 


should not be classified as suspicious of 


malignancy. It is important that the cytolo- 
gist pay strict attention to such nuclear 
details or the cytologic diagnosis of car- 
cinoma of the esophagus will not have the 
high degree of specificity of which the 
method is capable. 


ESOPHAGEAL 
STUDIES 


WASHINGS FOR FOLLOW-UP 


This group included 20 patients who had 
had primary therapy, either surgical or 
roentgenologic, for carcinoma of the esoph- 
agus or cardia at least 6 months before the 
washings were done. The results were not as 
definite as with primary carcinoma but 
proved a helpful tool in certain cases. In 5 
cases in which recurrent disease could not 
be ruled out by x-ray examination or esoph- 
agoscopy, negative washings were obtained 
and the subsequent course of these patients 
indicated that no disease was present local- 
ly. In 5 cases in which recurrence was 
suspected, positive washings were obtained 
although in 1 of these cases, esophagoscopy 
and biopsy were negative. In a sixth case, 
positive washings were obtained in a 
routine examination 9 months after resec- 
tion of the midesophagus even though the 
patient had no dysphagia and no evidence 
of recurrence by x-ray study. The patient 
was ultimately shown to have recurrence o! 
his disease. 

There were 3 postresection patients who 
had negative washings and who eventuall\ 
died. At autopsy, there was evidence 0! 
local recurrence in each. 

The 6 remaining patients had doubtfu 
washings on ! or 2 occasions. Althoug! 
several had evidence of distant metastases 
we have been unable to prove local recur 
rence. No autopsy was secured in the 1 pa 
tient who died. 

It would seem that the routine use o 
follow-up washings at regular interval: 
after treatment of patients with carcinom: 
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of the esophagus would produce early 
evidence of recurrence of this disease and 
allow administration of radiation therapy at 
a more favorable time. 


SENSITIZATION RESPONSE 


In 1954 Graham and Graham (3) de- 
scribed changes in the cells in the vaginal 
smears in some patients with cancer of the 
cervix which were unlike those in the nor- 
mal. This change was called the sensitiza- 
tion response, or SR, because when present, 
the tumor and the patient were usually 
sensitive to irradiation. A qualitative esti- 
mate of SR can be arrived at by differential- 
ly counting 100 consecutive nonmalignant 
epithelial cells and expressing the number 
of cells showing SR as a percentage. With 
cancer of the cervix, those patients with 10 
per cent or more SR showed a high per- 
centage (73 per cent) of 5 year survivals 
following irradiation while a_ similarly 
treated group which had an SR of 9 per cent 
or less showed only 18 per cent 5 year 
survival. In another series of stage I and II 
cancers of the cervix treated by radical 
hysterectomy and regional lymphadenec- 
tomy, only 39 per cent of the patients with 
SR of 10 per cent or higher survived 2 to 5 
years while 71 per cent survived who had 
SR of 9 per cent or less. These findings have 
been of prime importance recently in de- 
ciding whether a particular case of cancer of 
the cervix should be treated by irradiation 
or surgery when either is possible. It has 
also been possible apparently to increase the 
SR in certain patients by administering cer- 
tain drugs such as testosterone propionate 
or alpha tocopherol. Theoretically, this 
might increase the degree of responsiveness 
o! a patient to irradiation. 

Since the risks of esophagectomy may be 
arge in many patients and the discomforts 
a thorough course of roentgen therapy 
are considerable, it would obviously be of 
ereat value if a similar scale for SR could be 
‘termined for patients with cancer of the 
ophagus. This study included 101 SR 
‘terminations on 88 patients. Only 1 pa- 
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Fic. 5. A benign squamous cell showing beginning 
pyknosis of its nucleus. Superficial cell is well preserved. 


tient had an SR count over 10 per cent in 
contrast to cancer of the cervix with which 
40 per cent of the patients have SR counts of 
over 10 per cent. This may indicate either 
that a different set of criteria is needed for 
determining the SR in cancer of the esoph- 
agus from that used with cancer of the 
cervix, or that the great majority of cancers 
of the esophagus are not responsive to irra- 
diation. 
RADIATION REACTION 

In 15 patients we have secured 1 or more 
washings during radiation therapy. In the 
50 washings done, the RR has varied from 6 
to 46 per cent. As with SR, these percent- 
ages fall considerably below those seen with 
cancer of the uterine cervix. So far we have 
not collected sufficient data to attempt to 
determine any correlation between the de- 
gree of RR shown and therapeutic results. 
DISCUSSION 

This method of securing esophageal wash- 
ings has proved simple in execution and 
valuable as a diagnostic aid. In a number of 
cases, it has provided cytologic confirma- 
tion of a suspected lesion without submitting 
the patient to esophagoscopy. In a smaller 
group of patients, positive washings con- 
firmed the diagnosis when esophagoscopic 
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biopsies showed only chronic inflammation. 

In 1 case, a positive washing was ob- 
tained in a patient who was thought to have 
an inflammatory stricture of the esophagus 
by x-ray and esophagoscopic examinations. 
Resection showed that the patient had a 
carcinoma. In another case with achalasia 
of long standing, washings indicated a 
carcinoma which was entirely unsuspected 
by other studies. At operation a small 
carcinoma was found on the dilated esophag- 
eal wall about 10 centimeters above the 
point of narrowing. 

Washings obtained from the esophagus by 
means of the Levin tube have given more 
accurate results than those obtained through 
the esophagoscope. Many of the latter have 
been unsatisfactory because the esophageal 
cells have been obscured by blood, pre- 
sumably from the trauma of passing the 
esophagoscope. 

In 2 cases, what were thought to be tumor 
cells, were seen in washings obtained 
through the esophagoscope although similar 
cells were not seen in washings obtained 
with the Levin tube. One of these patients 
had a long history of alcohol intake and 
came to the hospital after a 10 day spree. At 
that time he had a massive upper intestinal 
tract hemorrhage and the symptoms of 
esophagitis. No tumor was seen by x-ray or 
esophagoscopic examination. Unfortunate- 
ly, he has been lost to follow-up but there 
were no symptoms of tumor. The other pa- 
tient had esophagitis and a hiatus hernia. At 
surgical exploration no tumor was found. It 
is difficult to explain these findings. One 
could theorize that the trauma of esopha- 
goscopy exposes and desquamates some of 
the deeper cells of the mucosa which are 
undergoing relatively rapid metaplasia in 
cases of esophagitis (cf. under “‘Cytology”’). 

The results of both the SR and RR 
counts in cancer of the esophagus are 
strikingly different from those in cancer of 
the cervix. In only 1 instance was significant 
SR found, and no patient had significant 


RR—above 75 per cent of the benign « |\s 
showing radiation response. 

The cases are too few and the follow up 
too short to know if these findings are of « ny 
importance. It may be that a differ:nt 
percentage level should be considered or 
the patient with cancer of the esophagus. 
Perhaps more cells should be counted l- 
though in this study 200 consecutive cells 
were counted, double the number used in 
cases of cancer of the cervix. At the present 
moment these findings are of interest only 
because they are so different from cancer of 
the cervix and have no prognostic signifi- 
cance. 

The success of this study in diagnosis has 
depended largely on three factors: (1) the 
care and judgment in collecting specimens 
at the proper level; (2) the promptness with 
which the specimens have been centrifuged 
and the sediment fixed on the slides; (3) the 
skill and experience of the cytologists who 
have examined the specimens and made the 
decisions as to the nature of the cells. 


SUMMARY 


1. Asimple method of obtaining esophag- 
eal washings is described. 

2. The results obtained in the study of 158 
patients with malignant and benign condi- 
tions of the esophagus and cardia are re- 
ported and discussed. 
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DEVELOPMENT OF PRIMARY PYLORIC HYPERTROPHY 





IN ADULTS IN RELATION TO THE STRUCTURE AND 
FUNCTION OF THE PYLORIC CANAL 


STANLEY C. SKORYNA, M.D., H. S. DOLAN, M.D., and A. GLEY, M.D., 


Montreal. Canada 


PRIMARY PYLORIC HYPERTROPHY in adults 
commands an increasing attention in surgi- 
cal literature. Since the description of the 
first cases by Portal and Cruveilhier the dis- 
ease entity has been clearly established by 
several reviews as well as case reports. ‘The 
incidence appears to be higher than origi- 
nally thought, as the clinical and radiologic 
features become better known. Most of the 
adult patients with primary pyloric hyper- 
trophy undergo surgical exploration with 
the diagnosis of a suspected cancer or other 
lesions. However, a survey of recent litera- 
ture as well as our own material indicates 
that preoperative diagnosis is made more 
frequently at present. The variable symp- 
tomatology and difficulty in distinguishing 
with absolute certainty between benign 
pyloric stenosis and malignant tumors of this 
region account for the fact that a propor- 
tion of these cases will continue to be undiag- 
nosed before surgical exploration. 

From an etiologic view, several points 
require further clarification. This article is 
presented to draw attention to the relation- 
ship of the development of primary pyloric 
hypertrophy in adults to the structure and 
function of the pyloric canal. Cole (5) and 
Wernstedt have pointed out long ago the 
role of the structure of the pyloric canal in 
the development of primary pyloric hyper- 
tophy. The correlation of the anatomic 
form and the function of the pyloric canal 
‘ith clinical findings in primary pyloric hy- 
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pertrophy in adults, attempted in our 
studies, suggests several significant features 
for establishment of the nature of the dis- 
order: (1) classification of various forms of 
the disease, (2) possible etiologic factors, and 
(3) the relationship to the infantile pyloric 
hypertrophy. 
STRUCTURE OF THE PYLORIG CANAL IN MAN 
The anatomic observations of Wernstedt 
and Cunningham and the _ radiologic 
observation of Cole (6) form a firm basis for 
consideration of the structure of the pyloric 
canal. The thesis of Torgersen correlated 
anatomy, physiology, and pathology of this 
region with the phylogenetic background. 
According to these investigations the 
pyloric canal (canalis egestorius) in man 
contains a specialized structure of circular 
muscle fibers comprising the pyloric wing 
muscle (fan-shaped muscle). This muscle 
consists of two sphincteric loops enclosing 
interpositioned circular fibers (Fig. 1A). 
The distal sphincteric loop (called also the 
right canalis loop) represents a thickened 
bundle of circular fibers corresponding to the 
gastric portion of the pyloric sphincter. The 
proximal sphincteric loop (called also the 
left canalis loop) embraces obliquely the 
proximal end of the pyloric canal, about 1 
to 2 centimeters from the pylorus on the 
great curvature side, and comprises the 
intermediate sphincter. The fibers of the 
pyloric and intermediate sphincters con- 
verge on the lesser curvature forming a 
muscular prominence, called the muscle 
torus (Fig. 1B). The area enclosed by these 
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two circular sphincteric muscle loops is 
occupied by fibers running in a similar direc- 
tion, thus encircling the greater curvature 
and converging on the lesser curvature. 
However, some of the fibers on the greater 
curvature side appear to end in the pyloric 
sphincter (Fig. 1A). 

The pyloric canal structure has been 
studied by ‘Torgersen in several species and 
found to be anatomically similar in man, 


dog, and rabbit (Fig. 1C). The direction of 


the fibers of the sphincteric loops in man 
appears to be less oblique than in the dog 
and rabbit as shown by these comparative 
studies. 

‘Torgersen and Cunningham considered 
also the structure of longitudinal muscula- 
ture of the pyloric canal as supporting 
evidence for the specialized function of the 
pyloric wing muscle. Torgersen suggested 
that longitudinal fibers appear to be “‘rather 
independent between the two circular (distal 
and proximal) loops and specially de- 
veloped.” 


FUNCTION OF THE PYLORIC CANAL 
Considerable controversy exists as to the 
relationship between structure and function 
of the pyloric canal. However, on close 
examination of many conflicting physio- 
logic data, the authors cannot overcome the 
impression that the controversy is more 
superficial than real, and that agreement 
exists on many basic facts about the pyloric 
function. Apart from the complex problem 
of the pyloric reflex, ‘Thomas and Wheelon 
(27) consider contraction and relaxation of 
the pyloric sphincter in response to various 
duodenal stimuli an established experi- 
mental fact. On the basis of demonstration 
that the response of the pyloric sphincter to 
stimulation of the extrinsic nerves is identical 
to that of the antral and duodenal muscula- 
ture, Thomas and Wheelon (27) suggested 
that the antrum and the pyloric sphincter 
form an inseparable functional unit. Cole 
(6) has never postulated or insisted upon a 
completely autonomous action of the py- 
loric canal. On the basis of radiologic ob- 


servations, he merely pointed out that ‘ie 
sphincteric action of the pyloric canal dies 
not coincide in time with the perista! ic 
movements of the stomach, a fact in «p- 
parent agreement with the experimenti'|y 
confirmed response of the pyloric sphinc ier 
to duodenal stimuli. 

A second basic question concerns jhe 
differences in pressure between the antruin, 
pyloric canal, and the duodenum. Thoma 
(26) in his recent brilliant review describes 
the gastric evacuation cycle as follows: 


t 


The antral pressure rise is evidently related in time 


to the contraction of the sphincter muscle. By way o 
explanation let us assume a strong antral wave ap- 
proaching the pylorus; presumably it obliterates the 
gastric lumen at some point and would put pressure 
on the content of the terminal antrum [i.e. pylori: 
canal] if they were not free to escape via the pylorus. 
However, they do escape at first (evacuation period 
A) hence no pressure rise is evident. Presently as the 
wave approaches the sphincter, contraction of that 
muscle begins; the pyloric lumen narrows, resistance 
increases and the trapped contents of the terminal 
antrum are put under pressure, recorded as_ the 
antral pressure rise. At first the pressure is sufficient to 
overcome the increasing resistance at the pylorus 
(evacuation period B), but the rapidly contracting 
sphincter soon closes the pylorus and puts an end to 
this cycle of evacuation. The concurrent contraction 
of the duodenum is an observed phenomenon, not 
clearly necessary to the cycle, but it probably serves 
to empty the bulb in preparation for the next evacua- 
tion period. 





Recent observations of Atkinson, Ed- 
wards, Honour, and Rowlands (2) on pres- 
sures developed within the pyloric canal 
seem to support the contention of Cole and 
Torgersen that the whole pyloric canal con- 
tracts simultaneously. The London Uni- 
versity group (2) measured the pressures 
developed within the stomach and duo- 
denum by introduction of 4 overlappin: 
balloons, placed on 2 double-channelec 
polyethylene tubes, ending with a radio 
paque tube. The pressures were recorde: 
manometrically using a system described by 
Rowlands (23). The phasic pressure wave 
occurring simultaneously throughout th 
entire length of the pyloric canal take plac: 
at intervals. The short duration (15 sec 
onds) and relative rarity of the contraction 
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(every 1!4 to 2 minutes) of the pyloric 
canal were confirmed. Atkinson and asso- 
ci.ites were unable to demonstrate a separate 
sphincteric action of the pyloric sphincter in 
ihe cases studied, which included a case of 
primary pyloric hypertrophy in an adult, 
and on this basis disclaimed the concept of a 
“sphincteric spasm.” Katsch pointed out 
long ago that such terms as “‘pyloric reflex” 
and deviations from the normal gastric 
emptying time, termed either as pylorospasm 
or pyloric insufficiency, should be viewed 
critically. It appears certain, on the basis of 
existing evidence, that the pyloric canal 
(including the pyloric sphincter) remains 
open most of the time and its rhythmic con- 
tractions contribute in some way to the 
over-all regulation of gastric emptying. The 
function of the pyloric canal described by 
Cole (6) as ‘‘maceration or squeezing of 
fluid contents from the solids’ and by 
Atkinson and associates as **combined filtra- 
tion and pumping mechanism” implies the 
regulation of the volume of gastric contents 
evacuated at each cycle in addition to the 
prevention of regurgitation of duodenal 
contents, suggested by Thomas (26). 


CLINICAL MATERIAI 

Six cases of pyloric hypertrophy in adults 
are described from the recent material of 
the Departments of Surgery of St. Mary’s 
Hospital and the Royal Victoria Hospital. 
All patients have been operated upon and 
the diagnosis confirmed by histopathologic 
studies. 


Case 1. A 56 year old white male was admitted to 
St. Mary’s Hospital on April 12, 1950 with a history 
of a dull aching pain in the right epigastrium and 
‘onsiderable loss of weight and appetite for the past 3 
months. No history of vomiting or nausea could be 

btained, although the patient admitted having some 

eartburn, relieved by amphojel and milk. Past 
istory vas completely negative for any epigastric 
omplaints; the patient claimed that he had never had 
ny “stomach trouble” before. Family history was 
egative. Physical examination was negative except 
rr some tenderness in the epigastrium. The diagnostic 
mpression was that of gastric carcinoma. Radiologi« 
xamination has shown elongation and narrowing of 
he pyloric canal without any demonstrable changes 
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Fic. 1. A, Schematic presentation of the structure of 
the circular muscle coat of the pyloric canal in man. B, 
When the mucosa is removed and the stomach and _ the 
duodenum transected along the greater curvature, the 
direction of the circular muscle fibers becomes evident. 
C, Comparison of the direction of circular muscle fibers 
in the pyloric canal of man, dog, and rabbit (drawn 
after Torgersen). 


in the mucosal pattern. On April 14 a laparotomy 
was performed, and hypertrophy of the pyloric canal 
was found. A partial gastrectomy with posterior 
gastrojejunostomy of the Hofmeister-Finsterer type 
was performed. The postoperative course was com- 
plicated by thrombophlebitis of the right lower leg. 
Pathologic diagnosis was primary hypertrophy of the 
pyloric canal with no evidence of other lesions. 

Case 2. A 52 year old female was admitted to St. 
Mary’s Hospital on March 29, 1957 with complaints 
of upper abdominal pain, rather ill defined as to 
localization, loss of weight (60 Ibs. in 7 months) and 
appetite, frequent nausea, and vomiting. On examina- 
tion a small firm mass could be palpated in the 
epigastrium, which was thought to be related to 
the pancreas. Barium meal was essentially negative 
except for some delay in emptying time of the stomach. 
An exploratory laparotomy was performed and a 
moderate thickening of the entire pyloric canal was 
found. The gastrotomy revealed no ulcerations and a 
small nodular mass on the lesser curvature side of the 
pyloric canal. A partial gastrectomy with posterior 
gastrojejunostomy of the Hofmeister-Finsterer type 
was performed. The postoperative course was un- 
eventful and the patient made a good recovery 
Pathologic diagnosis was moderate pyloric canal 
hypertrophy with a prominent muscle nodule on the 
lesser curvature side, related to circular muscle coat. 
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A 


Fic. 2. Radi>logic appearance of the pyloric canal in Case 1 





B 


, in phases of maximal contraction 


(A) and dilatation (B). The limited activity of the pyloric canal is evident from changes in the cal- 
iber of the lumen. A concave impression (Kirklin sign) on the duodenal cap is visible in “A.” The 


mucosal pattern is preserved. 


Case 3. A 55 year old white female was admitted to 
St. Mary’s Hospital on the service of Dr. J. J. Dinan 
on October 22, 1957 with a history of pain in the 
epigastric region, nausea, and occasional vomiting 
after meals for the past 3 years. Some loss of weight 
was noted. The patient had had a hysterectomy and 
appendectomy some time ago and a radical mastec- 
tomy 8 years before. The symptoms had increased in 
severity during the past 6 months, particularly the 
postprandial vomiting. X-ray examination revealed 
hypertrophy of the entire pyloric canal and consid- 
erable gastric retention. At operation hypertrophy of 
the pyloric canal was found, but no evidence of ulcer- 
ation. A partial gastrectomy with gastroduodenostomy 
was performed. The postoperative course was un- 
eventful and the patient made a good recovery. 
Pathologic diagnosis was primary hypertrophy of the 
pyloric canal; involving the circular muscle coat, and 
chronic gastritis of the resected stomach. 

Case 4. A 31 year old white male patient was ad- 
mitted to St. Mary’s Hospital on May 1, 1958 with a 
history of intermittent epigastric complaints for the 
past 9 years. The chief complaint appeared to be 
almost constant nausea aggravated by food intake 
with occasional vomiting of gastric contents. Moderate 
pain in the epigastrium 1 hour following meals and a 
sensation of fullness relieved by belching were also 
noted. The patient claimed that the pain episodes 
were of short duration, usually lasting 5 to 10 minutes. 
A diagnosis of gastric ulcer had been made 4 vears 
before and the patient had followed the dietary ulcer 


regimen at intervals and had been treated by anti- 
spasmodics and cholinergic blocking agents with only 
slight improvement. 

Physical examination was essentially negative ex- 
cept for some tenderness in the right epigastric region 
Analysis of gastric contents showed hypoacidity. No 
occult blood was found in the stool. X-ray diagnosis 
was hypertrophy of the pyloric canal with suggestiv: 
ulceration on the lesser curvature side. On laparotom 
moderate hypertrophy of the pyloric canal region and 
an ulcer corresponding in location to that observed 
on x-ray film were found. A limited gastric resectio 
with posterior gastrojejunostomy of the Hofmeister- 
Finsterer type was carried out. The pathologic repo: 
confirmed the diagnosis of a secondary hypertroph 
of the circular musculature and ulceration of t! 
pyloric canal. The postoperative course was unevent- 
ful. 

Case 5. A 61 year old white female was admitted t 
the Royal Victoria Hospital on the service of Di 


J. F. Hopkirk on April 2, 1957 with complaints o 


pain in the epigastrium, relieved by belching, som: 
weight loss, and evidence of slight pleural effusion i: 
the left costodiaphragmatic area. Gastric acidity wa 
found to be within normal limits. Stool for occul 
blood was negative. X-ray diagnosis was that of hy 
pertrophic pyloric stenosis. A previous x-ray exam 
ination done 2 months before showed a flat gastric 
ulcer on the lesser curvature side, separate from thi 
prepyloric narrowing. At operation a marked hyper 
trophy of the pyloric canal was found, with asso- 
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cia cd gastritis and a shallow, lesser curvature ulcer. 
A «astric resection with posterior gastrojejunostomy 
wa- performed. Pathologic findings were marked hy- 
pe: 'rophy of the pyloric canal, flat mucosal ulcer on 
the lesser curvature, about 6 centimeters orally from 
the pylorus, covered with regenerating mucosa. The 
postoperative course was uneventful. 

Case 6. A 55 year old male was admitted to St. 
Mary’s Hospital on May 26, 1957 with a history of 
epigastric pain, nausea, and occasional vomiting 
after meals, of 2 months’ duration. There was a 
history of perforated duodenal ulcer closed in another 
hospital 4 years previously. The patient had been well 
after the first operation until the present symptoms 
started. X-ray examination revealed dilatation of the 
stomach and stenosis of the entire pyloric canal. The 
duodenal cap was markedly deformed with what was 
thought to be an ulcer crater in the right fornix and a 
prestenotic diverticulum. At operation the musculature 
of the entire pyloric canal was found to be considerably 
thickened. No penetrating ulcer could be demon- 
strated, but extensive adhesions and fibrosis suggested 
an earlier inflammatory process. A partial gastrectomy 
with anterior gastrojejunostomy was performed. The 
postoperative course was uneventful. Pathologic diag- 
nosis was hypertrophy of the pyloric canal involving 
the circular muscle coat with fibrotic changes extend- 
ing into the duodenum and chronic gastritis of the 
resected portion of the stomach. 


RADIOLOGIC FINDINGS 


In view of the rather indefinite symp- 
tomatology of pyloric hypertrophy in adults, 
the diagnosis is based almost entirely on 
radiologic examination. It is our belief that 
the roentgen diagnosis can be made with a 
higher proportion of all cases when the 
differential diagnosis includes other lesions 
of the pyloric canal such as ulcer, carcinoma, 
and granulomatous inflammation. 

In pyloric hypertrophy of adults the 
pyloric canal usually appears elongated. 
ven in cases of extensive pyloric hyper- 
trophy, such as Case 1 of our series, the 
flexibility of the wall is not completely 
abolished, although considerably decreased. 
| his results in variation of the caliber of the 
lumen during examination, as shown by 

‘rial roentgenograms. 

The contour of the pyloric canal is usually 
mooth in cases of diffuse pyloric hyper- 
rophy. Indentations and barium projections 
an be observed in cases of focal hypertrophy 
the torus or any segment of the circular 
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Fic. 3. Roentgenologic appearance of the pyloric 
canal in Case. 3. Elongation of the pyloric canal and 
smooth outline are evident. An abrupt narrowing at the 
antral end of the canal can be observed. 


musculature. An abrupt narrowing of the 
pyloric canal in contrast to a well distended 
antrum seems to be a constant feature. ‘This 
was particularly well demonstrated in Case 
3 of our series. 

In some cases the position of the pyloric 
canal is out of center in relation to the 
duodenal cap and may have the form of a 
straight or crescentic tube. The hyper- 
trophied musculature of the circular coat 
frequently produces a concave impression 
on the base of the duodenal cap, a sign 
described by Kirklin and Harris. Occasion- 
ally a similar pressure defect can be seen at 
the antral end of the pyloric canal. 

Considerable difficulty in radiologic diag- 
nosis can be encountered in some cases of 
pyloric canal ulcerations, particularly in 
view of the fact that the circular musculature 
of the pyloric canal seems to undergo con- 
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comitant hypertrophy. To these belong 
Case 4 of our series in which an ulcer of the 


lesser curvature as well as hypertrophy of 


the pyloric canal was observed. The princi- 
pal point in differential diagnosis in these 
cases seems to rest upon demonstration of a 
constant barium spur, which does not vary 
in appearance during the examination; this 
indicates presence of an ulcer. 

In conclusion it may be stated that there 
is no specific radiologic pattern in pyloric 
hypertrophy. Changes in shape and limited 
activity of the pyloric canal are the most 
pronounced features. The combination of 
the radiologic signs mentioned should direct 
one’s attention to primary pyloric hyper- 
trophy and the diagnosis can usually be 
elucidated. 


DISCUSSION 


‘The treatment of choice of primary pyloric 
hypertrophy in adults appears to be a lim- 
ited gastric resection with either gastro- 
duodenal or gastrojejunal anastomosis. As 
emphasized by North and Johnson a limited 
gastric resection does not involve an ad- 
ditional risk and is preferable to either 
gastrojejunostomy or pyloroplasty. Cases 
presented from our hospital material were 
all treated by resection without mortality, 
and good postoperative results were ob- 
tained; however, our follow-up period is ad- 
mittedly short. Following a limited resection 
a gastroduodenal anastomosis is preferable, 
as usually no hyperacidity is present. How- 
ever, the normal requirements for Billroth I 
type of anastomosis, such as relatively mobile 
and wide duodenum, should be remembered 
in selecting this type of anastomosis. 

The cases described seem to be representa- 
tive of various forms of pyloric hypertrophy. 
The following classification appears to be 
justified on that basis: 


Primary pyloric hypertrophy 
1. Focal form (Case 2) 
2. Diffuse form associated with proximal (gastric) 
lesions (Case 5) 
3. Diffuse form without proximal (gastric) lesions 
(Cases 1 and 3) 
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Secondary pyloric hypertrophy 
1. Associated with a distal obstructive lesion (( ses 
4 and 6) 

The discussion of secondary pyloric |y- 
pertrophy is not within the scope of ‘his 
presentation. The diagnosis is based on pa th- 
ologic demonstration of a distal lesion cius- 
ing obstruction. Such cases should not be 
considered as primary pyloric hypertrophy 
as it appears likely that the muscular hyper- 
trophy is secondary to obstruction. To these 
belongs Case 6 in our series in which a 
previous perforation of a duodenal ulcer 
was confirmed at the time of operation for 
pyloric hypertrophy. 

In Case 4 a moderate hypertrophy of the 
circular musculature of the pyloric canal, 
associated with a pyloric canal ulcer, was 
observed. The hypertrophy in this case ap- 


peared to be secondary to the presence of 


the ulcer. Gutmann and Hoffman in 1935 
drew attention to the difference in symp- 
tomatology between pyloric canal ulcer and 
other gastric ulcers. More recently Texter 
and associates reported a study of 55 pa- 
tients with ulcer of the pyloric canal. The 
main symptoms in this series appeared to be 
atypical pain, nausea and vomiting, weight 
loss, and low gastric acidity. This symp- 


tomatology is remarkably similar to that of 


primary pyloric hypertrophy except for the 
usual absence of severe epigastric pain in the 
latter. Probably in both instances pyloric 
hypertrophy occurs; as indicated by Case 4. 
the radiologic appearance of the pylori 
canal would certainly suggest such a con- 
clusion. 

In Case 5 of our series pyloric hype: 
trophy was found to be concomitant with ; 
gastric ulcer located at some distance fron 
the pyloric canal. It is the opinion of th: 
authors that such cases can be classified a 
primary pyloric hypertrophy. It is true tha 
in many instances the chronologic sequenc: 
of events, i.e. whether the ulcer or pylori: 
hypertrophy pre-existed, is impossible 
establish. However, as pointed out by Mc- 
Cann and Dean and Greenfield, the pylori: 
stenosis with resulting stasis appears mor 
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likely to be the cause of subsequent gastric 
lesions. The fact that in a vast majority of 
gastric ulcers pyloric hypertrophy does not 
occur makes it difficult to believe that the 
gastric ulcer represents a primary etiologic 
factor. 

lt is suggested that a congenital neuro- 
muscular imbalance of the pyloric canal 
mechanism might be present in these in- 
dividuals, without giving rise to the symp- 
toms. If such a suggestion is accepted as a 
working hypothesis, one would logically 
attempt to explain the occurrence of pyloric 
hypertrophy in adult life by action of some 
secondary factors. Kirklin and Harris have 
drawn attention to the high incidence of 
concomitant gastric-duodenal lesions and 
biliary disease in the series of 81 cases re- 
ported from the Mayo Clinic. Réssle en- 
tertained a similar idea suggesting that a 
pyloric spasm leading to pyloric hyper- 
trophy might be produced by viscerovisceral 
reflexes (the so-called ‘‘Quellaffektionen’”’). 

Zettergren believes that chronic gastritis 
is of etiologic significance in the development 
of pyloric hypertrophy. North and Johnson 
suggested edema of electrolyte imbalance as 
a precipitating cause. The significance of 
these factors cannot be ascertained, until we 
know more about the mechanism of viscero- 
visceral reflexes and physiopathology of the 
so-called functional disorders. However, in 
the opinion of the authors the significance of 
precipitating factors in the presence of a pre- 
existing functional lesion cannot be disre- 
garded. 

In Case 2 of our series a focal hypertrophy 
of the pyloric canal on the lesser curvature 
was observed. This hypertrophy was demon- 
strated histologically to involve circular 
muscle fibers and appears to correspond 
anatomically to the muscle torus produced 
hy the convergence of fibers of the two 
sphincteric loops on the lesser curvature. Al- 
inough some diffuse hypertrophy of the 
‘ircular musculature of the pyloric canal 

as associated in this case, this exceeded 
only slightly the normal range of variation 
in thickness of pyloric canal musculature 





Skoryna ef al.; DEVELOPMENT OF PRIMARY PYLORIC HYPERTROPHY IN ADULTS 89 


established by investigations of Horton and 
of Horowitz, Alvarez, and Ascanio. The 
focal hypertrophy was not evident on x-ray 
examination although some gastric retention 
was present, and the case was explored be- 
cause of progressive weight loss and sus- 
pected malignancy. The focal form of pri- 
mary pyloric hypertrophy occurring at the 
side of the muscle torus on the lesser curva- 
ture has been reported previously by Keet: 
and some cases of Bachmann’s series as well 
as those of Albot and Magnier seem to be- 
long to the same category. From these re- 
ports it appears that focal hypertrophy of 
the pyloric wing muscle can be found rela- 
tively frequently in gastrectomy and autopsy 
specimens. Bachmann noted it in 12 cases 
out of 600 autopsies (2 per cent) performed 
at the Pathological Institute in Marburg. In 
any case, the frequency of torus hypertrophy 
seems to be higher than that of diffuse 
hypertrophy of the pyloric wing muscle. 

The question arises whether such focal 
hypertrophy represents an early stage of 
diffuse hypertrophy or persists as a separate 
entity. It seems logical to assume that in 
some cases the torus hypertrophy is com- 
pletely asymptomatic and nonprogressive, 
while in others, it progresses to a more 
extensive form involving the entire circular 
musculature of the pyloric canal. 

In a proportion of cases of primary py- 
loric hypertrophy in adults no associated 
proximal gastric lesions can be found. ‘To 
this group belong Cases 1 and 3 of our 
series. The diffuse hypertrophy of the circu- 
lar muscle fibers of the pyloric canal appears 
to correspond in these cases anatomically to 
the so-called pyloric wing muscle. ‘The 
hypertrophic area extends for a greater 
distance proximally on the greater curvature 
than on the lesser curvature; an abrupt end- 
ing in thickness of the circular muscle fibers 
can sometimes be observed at the proximal 
end (Fig. 4), although in some cases the 
secondary hypertrophy of the gastric wall 
masks this appearance. This could be ob- 
served in histopathologic section of Case 3 
of our series. Some of the photomicrographs 
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produced in the literature appear to indicate 
as well that a more extensive hypertrophy of 
the distal sphincteric loop is more frequently 
associated with focal hypertrophy, with 
lesser involvement of the proximal sphinc- 
teric loop. The sharp division in circular 
muscle fibers from the duodenal portion of 
the pyloric sphincter is evident in all cases 
and that portion does not seem to participate 
in the hypertrophic process. 

The prerequisite for diagnosis of primary 
hypertrophy is the absence of fibrous tissue 
formation which would indicate a previous 
inflammatory process. Wallensten drew at- 
tention to the edema of mucous membrane 
and abundant sinusoid vessel conglomerates 
in the submucosa, which are present in both 
infantile and adult pyloric hypertrophy. 
This condition seems to be explainable by 
the static effect of hypertrophic circular 
musculature on the circulation. 

Bockus divided cases of pyloric hyper- 
trophy in adults into three groups, according 
to the duration of the symptoms: (1) those 
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Fic. 5. 


Fic. 4. A, Transverse section through the pyloric 
canal in Case 1. Extensive hypertrophy of the circular 
muscle coat is evident. B, Longitudinal section through 
the proximal portion of the pyloric canal on the greatet 
curvature. Sharp decrease in thickness of the circula: 
muscle coat, corresponding to the junction of the pyloric 
canal and the antrum can be seen. Note slight thickening 
of the longitudinal muscle coat. Hematoxylin and cosin 
stain. 

Fic. 5. Longitudinal section through the pyloric canal 
on the lesser curvature in Case 2. Hypertrophy of the 
torus-forming junction of the pyloric and intermediate 
sphincter fibers can be seen. Hematoxylin and cosin 
stain. 


with symptoms dating from infancy, (2) 
those with symptoms of long duration but 
beginning during adult life, and (3) those 
with symptoms of short duration starting in 
adult or late life. Cases of the onset of symp- 
toms dating back to infancy seem to form 
the smallest group if the older reports lack- 
ing pathologic confirmation are excluded. 
Riinstrom, who has followed up a large 
group of infants with pyloric hypertrophy. 
found persistence of radiologic findings with 
absence of symptoms in a large proportion 
of cases. More recently one of us (A. G.) 
was able to demonstrate radiological! 
several asymptomatic cases of pyloric hyper- 
trophy in adults (10). This brings up the 
question of whether all cases of primar 
pyloric hypertrophy in adults can be traced 
to the infantile age. However, cases exist in 
the literature in which there can be little 
doubt that the hypertrophy developed dur- 
ing a relatively short period of time. Particu- 
larly impressive in this respect is a case re- 
ported by Raffensperger in which pylori 
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hypertrophy has developed in a 37 year old 
female in association with an ulcer of the 
gre:ter Curvature over a period of 5 weeks. 
‘lorgersen’s suggestion of a functional 
imbalance between the circular and longi- 
tudinal musculature of the pyloric canal as 
an ctiologic factor in infantile pyloric hyper- 
trophy appears most attractive. On_ this 
basis, the development of pyloric hyper- 
trophy could be expected to occur more 
frequently in early infancy when the earlier 
developed circular musculature of the py- 
loric canal fails to regress in a normal manner 
in the second to fourth week of life. Accord- 
ing to Frohlich the balance between the 
longitudinal and circular musculature is not 
achieved until the end of the first year of 
life, and the vast majority of infantile 
pyloric hypertrophy occurs during that 
period. The infantile pyloric hypertrophy 
might persist into adult life either asymp- 
tomatically or with mild symptoms until the 
development of a more pronounced hyper- 
trophy which is triggered by some secondary 
factors. In other cases only a functional 
lesion might be present at birth with the 
organic phase actually beginning in adult 
life. 
CONCLUDING COMMENT 


lhe cases of pyloric hypertrophy in adults 
exhibit ill-defined, but somewhat ulcer-like 
symptoms. The diagnosis can be made 
radiologically in the majority of cases. The 
extent of the pyloric hypertrophy corre- 
sponds anatomically to the structure of the 
circular musculature of the pyloric canal, 
which consists of two sphincteric loops en- 
circling the greater curvature and con- 
verging into a muscle torus on the lesser 
curvature. This anatomic relationship lends 
support to the recent physiologic investiga- 


tions which have suggested the presence of 
a pyloric canal mechanism, rather than of 


t!e pyloric ring sphincter itself. This mech- 
a sism, as postulated by Cole (6) appears to 
p ay an important role in the control of the 
v lume of each gastric emptying, as well as 
ii regurgitation of duodenal contents. How- 
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ever, as stated by Thomas there is not suffi- 
cient evidence that the pyloric canal mech- 
anism regulates the over-all rate of gastric 
emptying. 
SUMMARY 

1. The structure of the pyloric canal is 
described on the basis of anatomic findings. 
The structure of the circular musculature of 
the pyloric canal appears to be of primary 
significance in this region. It consists of 
circular muscle fibers forming a distal (py- 
loric) loop and proximal (intermediate) 
loop enclosing an area of circular fibers 
which are parallel on the greater gastric 
curvature side and by convergence form a 
muscle torus on the lesser curvature. It is 
concluded that the development of the pri- 
mary pyloric hypertrophy in adults is re- 
lated to this structure of the circular muscle 
layer of the pyloric canal. 

2. The physiologic evidence for the exist- 
ence of a pyloric canal mechanism rather 
than of a pyloric sphincter itself is discussed. 

3. The primary pyloric hypertrophy in 
adults is divided into: (1) focal form (torus 
hypertrophy), (2) diffuse form associated 
with proximal lesions, and (3) diffuse form 
without other lesions. The secondary pyloric 
hypertrophy related to a distal obstructive 
lesion, as well as the primary forms, is dis- 
cussed. 

4. It is suggested that a congenital neuro- 
muscular dysfunction of the pyloric canal 
mechanism forms a common basis for both 
the infantile and the adult pyloric hyper- 
trophy; the relative incidence of each form 
appears to be determined by the extent of 
the normal regression in the circular muscu- 
lature of the pyloric canal during early in- 
fancy and by the action of secondary factors 
during adult life. 
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DI BRICIN—CLINICAL EXPERIENCES WITH A NEW 





PROTEOLYTIC ENZYME IN SURGICAL WOUNDS 


JAMES F. CONNELL, JR., M.D., LOUIS R. M. DEL GUERCIO, M.D., and 
LOUIS M. ROUSSELOT, M.D., F.A.C.S., New York, New York 


DuRING THE PAST 7 YEARS, the Burn Re- 
search group at the St. Vincent’s Hospital of 
the City of New York has been actively en- 
gaged in evaluating many enzymatic ma- 
terials for wound debridement (1-4). The 
properties for an ideal wound debridement 
agent may be listed as follows: (a) The 
enzyme should be capable of rapid lysis of 
fibrin, denatured collagen, elastin, and 
exudate, as these are the primary tissue 
protein components in the infected wound, 
full thickness burn, necrotic skin, and ul- 
cerated lesion. (b) It should be completely 
inactive in contact with normal human 
tissue. (c) It should be nontoxic on absorp- 
tion and nonirritating to the wound. (d) It 
should be easily prepared, stable, and readily 
applicable to most lesions. 

At the present writing the material that 
has best fulfilled these requirements is debri- 
cin". This enzymatic agent was developed 
from the ficin latex of the fig tree. While 
highly active against fully denatured pro- 
tein, the material is only partially active on 
marginal necrotic tissues. There has been no 
evidence of systemic toxicity and very little 
evidence of wound maceration. 

lhe powdered material comes mixed with 
a buffer and it is activated by mixing the 
enzyme into a special jelly base. The dry 
material is stable indefinitely and, following 
mixing, the refrigerated material is stable for 
at least 7 days. The buffered enzyme is most 
active at pH 5.4. Thus, dilution by strong 
acid or base producing organisms, or anti- 
biotics will tend to be inhibitory. 

[he material must be applied so that 
e1:zyme-substrate contact is kept at a maxi- 

om the Surgical Service of the St. Vincent’s Hospital, New 


Yc k City, and Surgery Department of the New York Univer- 
sit School of Medicine. 


mum, and reapplied at 12 to 24 hour inter- 
vals to remove inhibitory by-products. 
There is very little difficulty in applying the 
enzyme to postoperative wounds, deep ul- 
cers, fistulas, sinus tracts, or chest cavities. 
However, flat surface areas such as shallow 
ulcers or burns will often tax the surgeon’s 
ingenuity. The best method for the flat 
surface lesions is to spread the enzyme in 
jelly base thickly over the area, cover this 
with a vaseline gauze or polyvinyl sheet, and 
overlay the whole with a thick, absorbent 
pad. 

A second method of treating the flat 
surface eschar is to apply the enzyme as a 
wet dressing, suspending the buffered ma- 
terial in 100 cubic centimeters of normal 
saline and instilling it every 3 to 5 hours 
through rubber catheters tunneled in an 
absorbent pad overlying the eschar. The 
outer surface of this pad should be covered 
by a polyvinyl sheet to limit evaporation. 

As implied in the term debridement, the 
main purpose of the enzyme is to clean a 
wound of all the various necrotic tissue ele- 
ments and to thin out thick exudative collec- 
tions. Thus, debricin may be utilized in the 
following lesions: the necrotic and eschar 
tissues of deep burns, ulcerations, sinus 
tracts, fistulas, abscess cavities, wound infec- 
tions, osteomyelitis wounds, and empyema 
lesions. 

There was a total of 139 patients studied 
during the 3 years of this project. The pa- 
tients were gathered from the various serv- 
ices of the St. Vincent’s Hospital of the City 
of New York. A small but important seg- 
ment of the burned patients were provided 
for study by the Beekman Hospital service of 
Dr. Robert Kennedy. 
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Fic. 1. a, Second and third degree burn of foot 48 hours after’ injury and prior to enzyme 
therapy. b, Thirty-six hours after enzyme therapy started; note lytic effects on dry eschar. c, Forty- 
eight hours of therapy: denatured collagen of derma almost completely digested to underlying 
granulation tissue level. d, Seventy-two hours of therapy: lysis continues. e, Ninety-six hours of 
therapy; note epithelization about margins and further clearing about toes. f, One hundred and 
forty-four hours of therapy: rapid epithelization is the rule once denatured products are removed. 


RESULTS 
In this study, the over-all results indicated 
that 77 per cent of the lesions, or 106 patients 


treated, responded in shorter periods of 


time with less trauma, and in many instances 
with extraordinary results, than would be 
anticipated with other available proteolytic 
enzymes or surgical debridement. In 19 
lesions the results were listed as fair and in 9, 


the results were qualified as poor or in- 


effectual. 

In order to elucidate the results, th 
lesions studied and the results obtained hav 
been divided into three categories. 

Burn wounds (Table I). This group cor 
sisted of 55 patients with various bu 
lesions. These patients and their lesions hav 
been broken down into 3 groups. The first 
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TAL.E I.—RESULTS OF DEBRICIN THERAPY IN 55 
PATIENTS WITH BURN WOUNDS 


Results* 
Vo. of Ver) 

Dew: ¢ of destruction patients Excellent’ good Good Fair Poor 
2nd iegree 14 1 1 11 1 0 
2nd ind 3rd degree 20 5 4 x 1 2 
3rd egree 21 1 5 11 3 1 

55 7 10 x0 5 3 
*Excellent, wound free of debris in 72 hours or less. Ready for graft 


Very good, wound free of debris in 72 to 96 hours 
;ood, wound free of debris in 96 hours to 6 days 

r, wound free of debris in 7 to 9 days. 

Poor, wounds which did not respond well to enzyme therapy and 
required surgical intervention 


— 


second degree burns illustrate the effect of 
the enzyme on serous crusts and exudates. In 
all instances the enzyme had a rapid effect 
on the wounds and is similar to the effect of 
varidase® and trypsin”. However, debri- 
cin is not only simpler to apply but the 
cleansing action is faster. 

In the second and third degree burn 
wound, the result depended on the pre- 
dominant type of substrate in the wound. 
Thus, when the burn wound was primarily 


deep second with only partial destruction of 


the dermis, proteolysis was slower than if the 
wound was a full thickness burn. 

In the third degree group, the enzyme 
was remarkably effective in debriding full 
thickness dermal necrosis in a majority of 
the lesions treated. The enzymatic activity 


will continue into the fibrofatty level only if 


the fatty tissue is completely destroyed: 
otherwise, activity will cease. 

The patients with severe burn wounds 
were usually started on enzyme debridement 
on an average of 8 days after injury in order 
that they may have fully recovered from 
their shock stage. Recently, in an attempt to 
thwart infection and to obtain skin replace- 
ment prior to the third week, we have 
initiated enzyme therapy at the time of ad- 
inission to the hospital. 

One of the chief qualities of enzymatic 
debridement has been the removal of burned 
tissues with minimal trauma from a seriously 
iil patient. This procedure enables the pa- 
tient to tolerate subsequent anesthesia and 
skin grafting to a much better extent than 
when surgical debridement and grafting 
were utilized. 
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Fic. 2. Fresh deep second and third degree burn of 
right leg. 


There are two major differences relative 
to the character of eschar substrate. Directly 
after injury, the eschar is wet with very little 
inflammatory reaction at the eschar-vital tis- 
sue interface. Seven to 9 days after injury, 
the eschar is leathery and an underlying 
inflammatory reaction is present. 

In the first instance, the wet eschar is more 
easily penetrated by the enzyme as evidenced 
by the rapid dissolution of the denatured 
dermis. However, complete separation of the 
deep eschar from viable tissues is somewhat 
slow. In the second instance, the inflamma- 
tory reaction occurring at the eschar-vital 
tissue layer contains a natural proteolytic 
enzyme reaction which facilitates total lysis 
as the enzyme penetrates through. It is re- 
markable that in either instance, the dura- 
tion of time required for complete removal 
is approximately the same, 4 to 8 days. We 
have been able to accomplish a reduction in 
the time required for effective therapy by 
applying the enzyme more frequently, al- 
though there remains the difficulty in main- 





Fic. 3. At 120 hours all areas of third degree burn 
clean and granulating. Areas of deep second degree burn 
are at dermal level and epithelial buds are starting to 
proliferate. 
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Fic. 4. Large empyema cavity of left side of chest 48 
hours after start of debricin therapy. 


taining the enzyme over a flat or curved 
surface area in the more accessible areas 
where the material runs off. In the majority 
of patients treated, the wounds were ready 
to accept the skin graft within 5 days after 
start of therapy. The percentage of success 
with the initial skin grafting procedure was 
very high. 

In all instances the wounds were con- 
taminated, but the enzyme kept the purulent 
exudate liquid, and it was absorbed into the 
overlying dressings. ‘To combat the possi- 
bility of bacteria penetrating tissue barriers, 
appropriate parenteral antibiotics were given 
to all patients during the course of therapy. 

Ulcerated lesions (Table II). In the ulcer 
wound category of 49 patients, three major 
groups were established. The grouping was 
based on the nature of the substrate. In the 
first group of stasis ulcers, the primary sub- 
strate is a mixture of fibrinous exudate or 
necrotic fascia in an inflammatory media. In 
this group of 11 patients, the enzyme demon- 
strated rapid, efficient liquefaction of exu- 
date with wound cleansing plus a slower (48 
to 72 hours) fascial liquefaction. 
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Fic. 5. Wound 7 days after plastic closure and muscl« 
flap with per primam healing. 


In the second group of 18 patients with 
decubitus ulcers, the substrate usually con- 
sisted of a necrosing fibrofatty mass, partially 
devitalized fascia, and a purulent exudate 
The denatured skin overlying the ulcer was 
excised prior to therapy. The majority of! 
patients had multiple sinus tracts radiating 
from the main sacral lesion toward the 
trochanteric regions. These tracts were de- 
brided of all exudate within 48 hours. The 
sacral fascial necrosis usually responded in 4 
to 8 days, depending on the degree of de- 
vitalization. Sinus tracts closed without 
further surgery in approximately 10 days 
after start of therapy. Once a clean granu- 
lating surface has been obtained, skin graf!- 
ing or shifting of skin flaps is indicated 
Failures occurred when marked debilitatio: 
or terminal stages of primary disease pro 
duced continued necrosis. The correlatio: 
of these data with statistics of the routin 
surgical and wet dressing technique indi 
cated that 2 to 5 weeks of hospital nursin 
care may be saved. In surgical debride 
ment, further devitalization usually occurre« 
incidental to surgical trauma. 
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In the third group of 20 patients who had 
ischemic ulcers or gangrenous wounds, the 
majority of patients had either diabetes 
mellitus or generalized arteriosclerotic dis- 
ease. In a number of instances the ulcera- 
tions were present over the distal portion of 
the amputated leg. The results obtained in 
this category indicated that 61 per cent of 
the patients treated were aided. Enzyme 
debridement is most effective in ulcerations 
that have either a nearby source of adequate 
blood supply, as in adequate amputation 
stumps, or in varicose ulceration. While 
ulcers of the plantar surface of the foot with 
necrosis of the plantar fascia responded 
slowly to intensive enzyme therapy, the 
results are an improvement over the usual 
daily surgical debridement and wet soaks. 
Fair and poor results usually occurred in 
gangrenous toes and heels with extensive 
obliterative disease of the main arterial 
supply. Surgical intervention as sympathec- 
tomy or amputation is essential in these 
patients for rapid relief. 

Wound infections (Table IIT). In this cate- 
gory, 30 patients with various lesions were 
treated with debricin enzymatic therapy. 
The wounds were classified into five groups 
as follows: 

Wound infections in surgical patients.— 
Sixteen patients were treated for an average 
of 3 days. The wound infections in most cases 
were discovered from the fifth to the ninth 
postoperative day. In all cases the wounds 
were opened and, after cleansing with sterile 
saline, buffered debricin jelly was instilled 
twice daily. All exudate, fibrin, and portions 
of necrotic slough were removed in the first 
24 hours. During the next 48 hours, in all 
but 1 instance, the wounds were clean and 
granulating. Rapid filling-in, contracture, 
and healing occurred within the next 6 to 10 
days. 

Abscesses.—In the 5 patients with ab- 
scesses, the wound was incised and debricin 
was instilled twice daily. All wounds ap- 
peared clean within 48 hours. In 2 instances 
of multiple loculations, the cavity required 
72 and 96 hours for complete debridement. 
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Sinus tracts. —The 5 patients in this group 
truly exemplified the capacities of enzymatic 
debridement as a surgical tool. In each in- 
stance, mechanical debridement would have 
necessitated extensive trauma. These wounds 
had all failed to respond to curettage, 
soaks, and jelly medicaments. Three of the 
5 patients will be presented to demonstrate 
the enzymatic regimen. 

In 1 patient with a perineal-urethral 
fistula of 5 months’ duration, 2 surgical 
attacks at correction had failed. Five days of 
twice daily instillation of debricin jelly 
brought about closure of tract. Eight days 
later, complete healing was demonstrated 
when the indwelling catheter was removed. 

A second case of multiple sinus tracts 
(viz. 4) converging into an ulcer cavity in 
the plantar surface of the heel of a young 
patient with controlled diabetes was treated 
unsuccessfully for 8 months. Twelve days of 
debricin instillation every 8 hours resulted in 
obliteration of the cavity and closure of the 
tracts. 

In a third patient who had undergone a 
total laryngectomy, a pharyngeal cervical 
wound fistula developed on the tenth post- 
operative day. Debricin in buffered saline 
was gargled and swallowed (30 c.c.) 3 times 
a day. Within 72 hours no further leakage 
was noted and the wound healed in com- 
pletely. 

There were no failures in this series. 

Empyema wounds.—In this group, 3 pa- 

tients with empyema cavities following 
thoracic surgery were treated with debricin 
therapy. In 2 instances, the cavities were 
lined with sloughing granulation tissue and 
contained daily collections of heavy exudate. 
Enzyme therapy in 1 patient with a 500 
cubic centimeter defect, consisted of twice 
daily instillations of debricin in jelly base 
(Figs. 4 and 5). Within 6 days the walls of 
the cavity demonstrated healthy clean 
granulation tissue. The purulent discharge 
dried up. On the tenth day, a plastic closure 
was successfully carried out. 

In the second patient, a bronchopleural 
fistula complicated the cavity and was of 


TABLE II.—RESULTS OF DEBRICIN THERAPY IN 49 
PATIENTS WITH ULCERATED LESIONS 





Results* 
No. of Very 
Type of lesion patients Excellent good Good Fair Poor 
Stasis ulcers....... 11 4 3 4 0 0 
Decubiaw. ......+: 18 0 2 6 7 3 
Ischemic (including 
gangrene)....... 20 2 2 7 7 2 
49 6 7 17 14 5 


*Excellent, wounds free of all necrotic debris in 48 hours of therapy. 
ery good, wounds cleaned within 5 days or of extraordinary nature 
responding to therapy. 
» wounds cleaned within 10 days of therapy. 
Fair, wounds requiring under 15 days or associated with surgical 
debridement. 
Poor, wounds which did not respond to enzyme therapy. 


much longer duration. A plastic closure of 
the wound and bronchial stump had been 
attempted but the wound broke down. The 
wound was washed with debricin in buffered 
saline solution by constant irrigation through 
a catheter. Within 48 hours, the wound 
cavity contained healthy granulations, and 
by the end of 72 hours, the fistula was sealed 
off. Irrigations were stopped and debricin in 
buffered jelly was started. After 10 days of 
therapy the wound was healed. 

A third patient admitted with a pyo- 
pneumothorax 5 weeks following an acute 
left lobar pneumonia was treated for 13 days 
with twice daily instillations of buffered 
debricin in 100 cubic centimeters of normal 
saline. Enzyme was kept in the chest cavity 
for 2 to 4 hours and then chained off. No 
febrile response occurred. The initial 4 
instillations provoked a tremendous outpour- 
ing of purulent material. The drainage then 
gradually decreased until complete ex- 
pansion occurred. Subsequent evaluation 
during the next 4 months indicated no 
recurrence. While this impressive use of 


TABLE III.—RESULTS OF DEBRICIN THERAPY IN 30 
PATIENTS WITH WOUND INFECTIONS 





Results* 
No. of Very 
Type of lesion patients Excellent good Good Fair Poor 
Surgical wounds... . 16 4 2 9 0 1 
Abscesses. . 5 3 1 1 0 0 
Sinus tracts 5 2 2 1 0 0 
Empyema. . . 3 3 0 0 0 0 
Osteomyelitis 1 0 0 1 0 0 
ee 30 12 5 12 1 


*Excellent, wound response to therapy within 48 hours, 
Very good, wound response within 4 days. 

Good, wound response within 10 days. 

Fair, wound requiring 15 days or surgical debridement. 
Poor, no enzymatic effect. 
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enzymatic debridement needs many more 
patient trials, the results are presented to 
stimulate others in thoracic centers. 

Osteomyelitis. —Only 1 patient was avail- 
able for evaluation during this study. This 
patient, a child, had a chronic wound con- 
sisting of multiple sinus tracts leading to a 
large sequestrum in his right femur. The 
daily purulent drainage was very heavy. 
Debricin in buffered jelly was instilled into 
the depths of the wound by catheters. Ninety- 
six hours after initiating therapy, the exuda- 
tive drainage had practically ceased. After 8 
days, the sinus tracts were filled in. ‘The 
wound was opened and the sequestrum re- 
moved. For 11 days after surgery, debricin 
was instilled into the cavity. The wound 
closed and no further infection has de- 
veloped in the past 2 years. 

Miscellaneous. — Three patients with 
wounds complicated by infection and carci- 
noma were treated with debricin. In all in- 
stances the wounds were rapidly freed of 
slough and exudate. Thus, surgical interven- 
tion could be performed in a clean wound 
in an attempt to extirpate the disease. In 
each patient, postoperative wound healing 
was uncomplicated by infection. In 2 of the 
patients, local recurrence of the tumor was 
noted within 1 year. 


TOXICITY 


There has been no incidence of toxicity of 
either systemic or local nature during this 
study. In 1 or 2 of our early wounds, the 
prior use of puisonex®, followed by the 
enzyme, brought on local maceration and 
appeared at least partially to inactivate the 
enzyme. In many of our heavy exudative 
wounds with maceration, the use of the 
enzyme has markedly improved the sur- 
rounding skin. 

Laboratory studies during the course of 
enzyme therapy in patients having ex- 
tensive wounds, including prothrombin time, 
thymol turbidity, alkaline phosphatase, 
blood urea nitrogen, complete blood and 
platelet count, and urinalysis, indicated no 
untoward changes. Studies of the serum 
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from patients undergoing therapy failed to 
reveal the presence of absorbed debricin. 


DISCUSSION 


In this study, we were impressed by the 
rapid clean cut results obtained when debri- 
cin was kept in contact with the proper 
denatured tissue substrate. The highly 
specific nature of this biochemical reaction 
must be kept in mind when selecting patients 
for therapy. 

The anticipated results will only be ob- 
tained when the enzyme is maintained rather 
constantly in contact with the eschar to be 
removed. Further, the nature of the reactive 
process requires that the wound have ade- 
quate drainage and, if necessary, frequent 
replacement of enzyme. This will be true 
especially when the enzyme has to be applied 
to convex surfaces. We are still experiment- 
ing with various techniques to develop a 
simplified method of application. 

It should be emphasized that the main 
purpose of enzymatic debridement is to 
provide a clean wound in the shortest period 
of time. Once this state has been obtained, 
the enzyme should be stopped and the ap- 
propriate surgical procedure for wound 
closure carried out. Enzyimatic debridement 
is primarily an ancillary tool to surgical 
therapy and not necessarily a replacement. 
In many instances in which both techniques 
can be carried out concomitantly, more 
rapid results will be obtained. 

Debricin is not bactericidal and should be 
accompanied by parenteral antibiotics, es- 
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pecially when used in large contaminated 
wounds. In an extension of this study, we are 
evaluating the benefits obtained when the 
sulfonamides and compatible antibiotics are 
combined with the enzyme. 


SUMMARY 


1. We have evaluated the new proteolytic 
enzyme, debricin, in a variety of surgical 
lesions in 139 patients. 

2. There is rapid, complete debridement 
when the enzyme is properly used on various 
types of ulcerations, deep burns, sinus tracts, 
and wound infections. 

3. Debricin used topically is nontoxic. 

4. Parenteral and possibly topically ap- 
plied antibiotics should be utilized during 
the course of therapy. 

5. The enzyme improves the conditions 
for healing by its cleansing activity. Its use 
should be followed by the appropriate 
surgical procedure to obtain wound closure 
when indicated. 

6. Further studies on local enzyme-anti- 
biotic combinations are in progress. 
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KANAMYCIN FOR INTESTINAL ANTISEPSIS 


ISIDORE COHN, JR., M.D., F.A.C.S., and 


ALFRED B. LONGACRE, M.D., F.A.C.S., New Orleans, Louisiana 


KANAMYCIN, a new broad spectrum antibi- 
otic isolated from cultures of Streptomyces 
kanamyceticus by the Japanese (5, 6) has 
been evaluated as an agent for intestinal 
antisepsis. Because of its broad antibacterial 
activity, in many respects similar to neomy- 
cin, and because of its almost total lack of 
absorption from the gastrointestinal tract 
this appeared to be a worthwhile agent to 
study for preoperative preparation of the 
bowel. 

The study of the intestinal antiseptic ef- 
fects of a large number of different anti- 
bacterial agents in a single laboratory under 
standardized conditions of bacteriologic 
analysis and patient care has simplified 
comparisons of the efficacy of new agents 
(1-3). On the basis of the studies presented 
here it may be concluded that kanamycin is 
one of the most effective agents yet utilized 
for intestinal antisepsis. Some properties of 
kanamycin appear to make it superior to 
neomycin, the only single drug with which it 
is possible to compare it as an intestinal 
antiseptic. 


METHODS 


Kanamycin was evaluated under the 
same conditions as all other drugs which 
have been studied for intestinal antisepsis 
in this laboratory. The drug was admin- 
istered to patients chosen at random from 
the surgical service, provided they were in 
good general condition and had no known 
colonic lesions. During the period of study, 
the patients were not subjected to surgery 

From the Department of Surgery, Louisiana State University 
School of Medicine, New Orleans, Louisiana. 
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and received no antibacterial agent other 
than kanamycin. 

After a control stool was obtained the pa- 
tients were placed on the routine for pa- 
tients being prepared for large bowel sur- 
gery. A low residue diet, a laxative the first 
day of therapy, and daily enemas added 
mechanical cleansing to the antibacterial 
program for reduction of the bacterial flora 
of the colon. 

Bacteriologic analyses were conducted on 
stools collected before therapy, each day 
during therapy, and for 1 to 3 days after 
therapy. Daily sensitivity studies were de- 
termined for the organisms recovered in 
the stool. Kanamycin stool levels were de- 
termined to evaluate absorption from the 
gastrointestinal tract. 

Bacteriologic techniques and _ identifica- 
tion of the various organisms were identical 
with those used in previous studies (1-3). In 
essence, these consisted of serial dilutions of 
a weighed quantity of stool followed by 
aerobic and anaerobic plating of each dilu- 
tion to provide 15 initial plates from each 
stool specimen. Colony counts were made 
at appropriate intervals and organisms 
identified through gram-stain smears and 
subcultures as necessary. Additional sub- 
cultures or tests were performed when 
necessary. 

Sensitivity studies were conducted with 
discs prepared in this laboratory to contain 
the requisite amount of kanamycin. 


RESULTS 


Kanamycin was administered to 12 pa- 
tients for 72 hours in an oral dose of 1 gram 
every hour for 4 hours, then 1 gram every 6 
hours. 

Streptococci, present in all control speci- 
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Fic. 1. Streptococci per gram of stool in 12 patients 
who received kanamycin for 3 days. The top and bottom 
of each bar represent the highest and lowest bacterial 
counts on each day. The heavy line indicates the median 
count on each day and shows the general trend of 


mens, had been removed from 8 patients by 
the second day (Fig. 1). At the end of ther- 
apy streptococci were recovered from the 
stool of only a single patient. On the first 
day after therapy, streptococci were present 
in the stools of 6 patients and by the third 
day after therapy had been found in 10 pa- 
tients. 

Staphylococci (Fig. 2) were not present 
in any control specimens and were found 
only once during therapy. They were re- 
covered 2 days after therapy in this and in 
1 other patient. 

Coliform organisms (Fig. 3) were present 
in all control specimens and had been re- 
moved from all but 3 patients by the end of 
the first day of therapy. By the end of 
therapy coliform organisms had been re- 
moved from all patients. Coliforms con- 
tinued to be absent from the majority of pa- 
tients for 3 days after therapy. 
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streptococcal counts during the period of study. Results 
plotted in the area of ‘‘No Growth” indicate stools actu- 
ally analyzed and found not to show bacterial growth. 

Fic. 2. Staphylococci in feces of same patients during 
and after kanamycin therapy. 


Clostridia were present in 8 control 
specimens and in 2 additional patients on 
the first day of therapy (Fig. 4). By the end 
of therapy clostridia had been removed from 
all patients. Clostridia were found on the 
first day after therapy in only a single pa- 
tient though they were found in additional 
patients on the second and third days after 
therapy. 

Bacteroides (Fig. 5) were found in 11 
control specimens and continued to be 
present in undiminished concentration 
throughout therapy in 7 patients. In 1, 
bacteroides were controlled by the end of 
therapy. In 3, there was only transient con- 
trol of bacteroides. Bacteroides never were 
recovered in the twelfth patient. 

Yeasts were not found in any control 
specimen but were found in a single pa- 
tient from the first day of therapy on (Fig. 
6). Yeasts were found in 1 patient at the end 
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Fic. 3. Coliform organisms in stools of same patients 
during and after kanamycin therapy. 


of therapy only. On the first day after 
therapy, yeasts were found in 4 patients who 
had not had them prior to this time. 

In addition to these specific organisms, 
Pseudomonas species were found in a single 
specimen only for each of 6 different pa- 
tients. Two of these patients and 1 other 
each had aerobic gram-positive rods in a 
single specimen only. 

Sensitivity studies were conducted using 
discs containing 5 and 50 micrograms of 
kanamycin. Each organism recovered each 
day was subjected to sensitivity studies so as 
to determine if the brief period of intestinal 
antisepsis had altered the sensitivity of or- 
ganisms recovered in the stool. To simplify 
reporting, Table I records only sensitivity 
results before and after therapy. 

Half the streptococci found in the control 
specimens were sensitive to 50 micrograms 
of kanamycin, 3 were resistant, and the re- 
mainder were sensitive at the 5 microgram 
level. ‘Two of the patients with sensitive or- 
ganisms had no streptococci after therapy, 2 
had organisms with unchanged sensitivity, 
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Fic. 4. Effect of kanamycin on clostridia in feces of 
patients. 


while all others either had an increased re- 
sistance or became resistant by the end of 
therapy. Most of the resistant forms emerged 
only after therapy since streptococci were 
essentially controlled during therapy. 

Staphylococci were only found on 3 oc- 
casions throughout the study and therefore 
little can be said about changes in their sen- 
sitivity. 

All coliform organisms found in the con- 
trol specimens were sensitive to 5 micro- 
grams of kanamycin. Sensitivity of or- 
ganisms found after therapy remained un- 
changed except in 2 patients who had re- 
sistant coliforms. 

Clostridia in the control specimens were 
sensitive to either 5 or 50 micrograms of 
kanamycin in 6 patients and resistant in 2. 
Two patients had resistant clostridia first 
found after the control specimen, while a 
third patient in whom clostridia developed 
after the control specimen had forms that 
were sensitive to 50 micrograms of kanamy- 
cin. Three patients, who had resistant forms 
either in the control specimen or at some 
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Fic. 5. Bacteroides in feces of patients during the pe- 
riod of kanamycin therapy. 


time during therapy, did not have any 
further growth of clostridia. In 3 patients 
there was no change in sensitivity through- 
out the study whereas there was an increased 
resistance in 5 patients. 

Bacteroides in 8 control specimens were 
resistant to kanamycin, 2 were sensitive to 
50 micrograms, and 1 was sensitive to 5 
micrograms. All bacteroides found subse- 
quent to the control specimens were resist- 
ant to kanamycin. 

Stool levels of kanamycin during therapy 
ranged between 1,800 and 10,000 micro- 
grams of kanamycin per gram of stool. The 
almost total excretion of kanamycin in the 
stool indicates that absorption is minimal 
and that maximum therapeutic effect 
should be available in the colon. 


DISCUSSION 


These studies indicate that kanamycin is 
one of the most effective agents yet de- 
veloped for intestinal antisepsis. Since neo- 
mycin is the only single agent which has 
found general acceptance for intestinal 
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Fic. 6. Effect of kanamycin on yeasts in stools of same 
patients as in previous charts. 


antisepsis, bacteriologic studies with kana- 
mycin were more extensive than usual to 
permit comparison with neomycin. The 
wide acceptance of neomycin, as indicated 
by Poth, and the many cases in which neo- 
mycin has been successfully used would re- 
quire that any proposed replacement for 
neomycin be carefully evaluated. 

Certain features of kanamycin indicate it 
is as effective as neomycin and may even be 
preferable to it for routine use. 

There have been no disturbing side reac- 
tions in any of these patients. Diarrhea, 
which is a common component of neomycin 
therapy, has not been noted in this group. 
While diarrhea might aid mechanical 
cleansing of the colon, diarrhea can be dis- 
turbing from the patient’s standpoint, and 
in a patient with a partially obstructing 
lesion, the cramps that might accompany 
such a diarrhea would increase the patient’s 
discomfort. The control of clostridia with 
kanamycin is a distinct advantage over 
neomycin. The failure of the yeasts to pro- 
liferate during kanamycin therapy in con- 
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TABLE I.—SENSITIVITY STUDIES ON ORGANISMS RECOVERED BEFORE AND AFTER KANAMYCIN THERAPY 


— _Streptococci — 





__ Staphylococes 
Patient 


Before After Before After 
1 $50 S50 NG NG 
2 Ss NG NG NG 
3 $50 NG NG NG 
4 S50 $50 NG R 
5 Ss R NG NG 
6 Sse R NG NG 
7 R R NG S5 
8 R R NG NG 
9 R R NG NG 
10 sso R NG NG 
11 §50 R NG NG 
12 S5 $50 NG NG 


S5---Sensitive to 5 or 50 mcgm. of drug. 
R—Resistant to drug activity. 
NG—No growth. 


trast to the rapid outgrowth of yeasts in pa- 
tients on neomycin would be another ad- 
vantage in the use of kanamycin. We do not 
believe that all of the gastrointestinal side 
reactions following adequate intestinal an- 
tisepsis are the result of yeast overgrowth. 
However, it would be preferable to control 
yeast growth if possible. A major difficulty 
with kanamycin would appear to be the in- 
adequate control of bacteroides. This is in 
contrast to the excellent control of bacter- 
oides with neomycin. It is interesting to 
speculate upon the possible correlation be- 
tween the presence of bacteroides and the 
failure of the yeasts to grow during therapy. 
In previous work (1-3) complete bacterial 
control has been associated with rapid yeast 
proliferation. Since the only major organ- 
ism not controlled with kanamycin was the 
Bacteroides species, further information 
about the correlation between growth of 
bacteroides and yeasts is desirable. Such 
studies are now underway in our laboratory. 

Since kanamycin is excreted almost com- 
pletely in the stool, it is not likely to be 
widely administered by the oral route to 
patients with infections outside the gastro- 
intestinal tract. This should mean that the 
incidence of resistant organisms already res- 
ident in the gastrointestinal tract of a pa- 
tient being prepared for colon surgery 
should be at a minimum. This circumstance 
would be a distinct advantage in the use of 
any agent for intestinal antisepsis. 








Coliforms__ ____Clostridia —Bacteroides__ 
Before After Before After Before After 
Ss NG R NG R R 
Ss R $50 R R R 
Ss Ss Ss NG S50 NG 
S5 NG NG NG R R 
Ss NG NG NG R R 
S* S5 NG Ss R R 
Ss NG R R R NG 
ss NG sg s R R 
Ss R gs R $50 R 
S5 Ss S50 R NG NG 
S5 NG $50 NG R R 
ss Ss NG NG Ss NG 


The poor absorption of kanamycin from 
the gastrointestinal tract, the rapid and 
satisfactory control of streptococci, coli- 
forms, and clostridia, and the failure of 
either yeasts or staphylococci to proliferate 
during therapy all combine to make this one 
of the best agents yet studied for preopera- 
tive preparation of the colon. 


SUMMARY 


Kanamycin has been evaluated on a bac- 
teriologic basis as an agent for intestinal 
antisepsis. 

Kanamycin is one of the most effective 
agents yet studied for preoperative prepara- 
tion of the colon. 
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EDITORIALS 





THE FOREIGN INTERN AND RESIDENT 


FRANK B. BERRY, M.D., Washington, District of Columbia 


IN THE JUNE 1958 NUMBER of the Journal of 
Medical Education, there is mention of a re- 
cent report by the Educational Council for 
Foreign Medical Graduates. This article 
states that 298 graduates of foreign medical 
schools took the first American Medical 
Qualification Examination on May 26 and 
of these only 152 obtained a passing score. 
There were 400 questions, and for many this 
multiple choice machine-scored examina- 
tion was a brand new experience. Part of the 
trouble was the low reading rate in English. 
This result is interesting and should indicate 
that these 152 young graduates who enter 
our hospitals for internships and residencies 
are well qualified both from an educational 
standpoint and from their ability to read, 
write, and speak English. This last triad is 
of extreme importance. 

We are now presented with the problem 
of how they can best be prepared for return 
to their home countries. What should be our 
objectives for this group in their postgradu- 
ate training? Many will say that of course 
just fitting them into our system will produce 
the best results, which is all right as far as it 
goes. Many of these young men return to 
countries years behind us in medical progress 
and equipment, and when they return they 
encounter certain defensive hostility against 
them. Due to protective reaction on the part 
of the local profession, they are kept out of 
hospitals and medical schools or assigned to 
very junior positions, and it may take them 


Dr. Berry is Assistant Secretary of Defense, Health and Medi- 
cal. 


‘Special article. J. Med. Educ., 1958, 20: 33. 


15 to 20 years to progress to the level of re- 
sponsibility which they had attained at the 
completion of their residencies in our hospi- 
tals. This situation is wrong and is com- 
pletely discouraging to them. 

In our postgraduate programs in surgery, 
for example, first of all they should be pro- 
vided with a well rounded experience in 
surgery and its major specialties: urology, 
gynecology, orthopedics, trauma, and simple 
forms of plastic and reconstructive surgery. 
As to thoracic surgery, here again they 
should be taught the more simple procedures 
and those which they will find most necessary 
in their countries of origin, above all those 
for tuberculosis and other infectious and 
parasitic diseases of the lungs. Procedures 
which require elaborate hospital equipment 
and organization, expert anesthesia, and as- 
sistance will be beyond them until they have 
a chance in ensuing years to organize along 
such lines if they are interested. To teach 
them and to lead them on in the belief that 


* they will be equipped to undertake this type 


of surgery and surgical research on their re- 
turn home is to mislead them and create 
further difficulties for them on their arrival. 

At the present time, for example, 11 young 
men of the type I have in mind, from Iraq, are 
in this country. All of them are, or were until 
recently, in teaching hospitals in the State 
of New York, with 1 exception; he has been 
at a medical center in New Jersey and now 
has moved to Detroit for his thoracic surgery 
at a well known center in that city. One is 
already board certified in general surgery, 
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and the other specialties included are gen- 
eral and thoracic surgery, internal medicine, 
proctology, urology, radiology, obstetrics 
and gynecology, otolaryngology, pathology, 
and pediatrics. 

One of these young men recently wrote 
to me: ““To be honest with you and to give 
you a good example, take my situation. I 
have been in this country for seven years, 
had wonderful training in general surgery 
and thoracic surgery and have been certified 
by the American Board of Surgery and (am) 
in the process of being certified by the Board 
of Thoracic Surgery. Because I know the 
situation at home, and lack of modern hospi- 
tals to work in my intention is to go home 
and, take care of our business which has 
nothing to do with medicine. But I am full of 
enthusiasm and desire to teach and practice 
my specialty if I can find the place and 
proper conditions.” 

A Nobel prize winner has suggested that 
perhaps our efforts are misdirected, that we 
are teaching imaginative American surgery 
beyond the present capabilities and environ- 
ment for these young men, and furthermore 
we should not send them back to their own 
countries shorn of all protection because they 
will be rejected and bitterly disappointed. 
His suggestion was ¢hat we try to form these 
young men into groups, including a nurse 
and technician if possible, and then attempt 
to assure them of proper positions in their 
hospitals and medical schools. This is ideal 
if it can be accomplished. It may require 
assistance on the part of our government 


through the International Co-operation pro- 
gram, the Department of State, or through 
some of our foundations. On the other hand, 
as the Educational Council for Foreign 
Medical Graduates proceeds in its work and 
gains experience, they may be of great assist- 
ance also. 

If an educational and training program 
is arranged so as to equip these young men to 
meet their native conditions, and then if we 
can follow through a few steps further with 
the assurance that they will have a friendly 
reception by the Americans who may be 
present in their countries, together with en- 
couragement and some provision for the 
practice and teaching of their specialties in 
their countries, they will provide this coun- 
try with a group of ambassadors of good will. 
Unless we are able to make suitable provi- 
sions, these men will return home discour- 
aged and understandably cynical about 
their American experience. The result will 
be that the United States will lose its en- 
viable position as a highly desirable country 
with many fine centers for postgraduate edu- 
cation for the foreign groups we care most 
about. These graduates will forge their way 
to new centers where they will be cordially 
welcomed and taught other ideas and pro- 
fessional philosophies. Or, they will reopen 
the old paths. 

Success in our purposes requires that we have vision 


to see, hearts to understand, and minds to resolve the 
problems of the world in which we live.* 


2Dulles, John F. The challenge of change. Dept. of State, June 
6, 1958. 
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SURGEONS OF TOMORROW 


EDWIN H. ELLISON, M.D., F.A.C.S., Milwaukee, Wisconsin 


“] WILL REGARD the off-spring of my teacher 
as on the same footing with my own brothers, 
and will teach them this art if they should 
wish to learn it, ... and that by precept, 
lecture, and every other mode of instruction, 
I will impart a knowledge of the art to my 
own sons and to those of my teachers and to 
disciples bound by a stipulation and oath, 
according to the law of medicine.” 

This we have all sworn by Apollo, and by 
so doing have assumed an obligation which 
may too easily be taken for granted. There is 
little room for complacency, however, if we 
are to assure that there will be an adequate 
number of well educated surgeons to care for 
the patients of future generations. ‘Teaching 
is an inherent part of our heritage and is not 
to be limited to the halls of our great uni- 
versities, since it is only through transferring 
the knowledge we have learned to men 
younger than we that surgery survives. 

Why do students decide upon a career in 
medicine? What factors influenced your de- 
cision? Perhaps your father was a physician 
or your parents always assumed you would 
enter the medical profession. Is it the result 
of admiration for a physician or surgeon you 
once knew, or were you influenced by an 
exceptional high school chemistry teacher as 
I was? Christopher is probably right that 
the reasons may be emotional or idealistic. 

But no matter what their reasons for choos- 
ing a life in medicine, our newly hatched 
tadpoles are already swimming around in a 
pond of education somewhere between high 
school and medical school. Many will never 
reach medical education. Many will become 
frogs in another pond. How can we as in- 
dividuals concerned with the needs of gen- 
erations to come encourage the strongest of 
them to become surgeons? 


From the Department of Surgery, Marquette University 
School of Medicine, Milwaukee, Wisconsin. 
































Many students wait to make their final 
choice of a career until they are faced with 
choosing a major course of study in college. 
Here college advisors, vocational seminars, 
and fraternity bull sessions are the influenc- 
ing factors. Should we not actively partici- 
pate in these, or should we not at least be 
available as resource personnel to advisors 
and deans of men counseling students? 

What kind of men should we seek and en- 
courage to learn medicine and eventually to 
practice surgery? Those with the intellectual 
ability, integrity, and personal qualifications 
necessary for the profession. And what group 
is better qualified to judge or has more vested 
interest in this than physicians themselves? 
More simply, you look for the attributes you 
admire in your colleagues. 

There has been much recent debate over 
what his college education should include. 
It is at this point in the training period 
that our prospective surgeon should acquaint 
himself with great thoughts and teach him- 
self the valuable habits of mental discipline. 
Here his character and scope of knowledge 
of the world’s horizons should grow and de- 
velop far beyond “‘science.” At no other 
time in his life does he have these oppor- 
tunities. Too often his curriculum is crammed 
with science courses recommended by the 
many boards and committees to the exclu- 
sion of art, literature, human relations, Eng- 
lish composition, and philosophy. This is un- 
fortunate. Our tadpole has lost his tail before 
he has really learned to swim. 

Our primary period of influence as sur- 
geons comes after students have been 
grounded in liberal arts in college and ac- 
quainted with the basic sciences taught dur- 
ing the preclinical years of medical training. 
Those of us in university centers must now 
teach them to doubt and question all they 
have learned so that they develop and reor- 
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ganize their knowledge from the way it was 
presented by the physiologist, anatomist, or 
chemist to the way the clinicians use it. Only 
after they themselves have mentally digested 
it does the knowledge belong to them. We, 
their teachers, must supply the catalyst in 
this reaction. 

But more than this, our student must learn 
responsibility for human life. He must ac- 
quire attitudes which carry his studies far 
beyond books and lecture notes, and he must 
also develop the habit of teaching those who 
follow. These cannot be set upon paper as 
course requirements. ‘They are learned only 
by example, by preceptorship. As in the days 
of Osler, medicine is still taught at the bed- 
side. Here without conscious effort the doctor 
influences the student with whom he works. 

The current system of externships so 
widely practiced permits a number of men 
located away from the medical centers to 
play a major role in these formative years. 
Each of us therefore must act as parent sur- 
geons. We must endow our progeny with the 
desire to become one of us and to continu- 
ally educate himself as he develops, for each 
of us is self-taught. Finally we must teach 
him to teach others what he has learned by 
precept and example. In other words, do not 
sit down in the meadow to wait for the cow 
to come to be milked; go after the cow. 

After completion of their formal curricu- 
lum, the majority (83.5 per cent of those 


completing acceptable surgical residencies in 
Ohio last year) leave the influence of the 
university surgeon, and their training is once 
more the responsibility of the surgeons in 
hospitals away from university centers. This 
places the responsibility for the propagation 
of future surgeons squarely on the shoulders 
of each of you—general surgeon, thoracic 
surgeon, plastic surgeon, obstetrician, gyne- 
cologist, neurosurgeon, orthopedist, urolo- 
gist, ophthalmologist, or otolaryngologist. It 
is up to you to put into the hopper high 
grade ore of a quality that will survive up to 
15 years of simmering, molding, and cooling 
to come out mature skillful’surgeons of high 
metal. How best to choose this man, how best 
to educate him so that he will serve and in 
turn teach others will forever be a challenge. 

Tosum up what I have tried to say, let me 
quote something written by a senior medical 


student who has already taught me a great 
deal. 


One of the greatest gifts of the physician, in addition 
to his clinical acumen, technical achievement, and 
research genius, is his ability to transfer the founda- 
tions of medicine to the apprentice and inspire him to 
seek the new, scrutinize the past, retaining that which 
is of value, and reach for the intangible future of his 
profession. For it is the teacher upon whom the struc- 
ture of the “healing art”’ has been laid. 


These are the wise words of a “surgeon of 
tomorrow.” By the way, he originally trained 
to be an engineer. 
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THE SURGEON AT WORK 





RADICAL EN BLOC ETHMOIDECTOMY FOR CANCER 


DONALD E. ROSS, M.D., F.A.C.S., Los Angeles, California 


ADVANCED CARCINOMA involving the ethmoid 
bone presents a challenging problem. Since 
radiation has proved disappointing, it remains 
for the surgeon to devise some form of operative 
procedure applicable to this type of disease. 

In 4 such cases operation was performed by 
the author. Three were cancers of the face which 
had penetrated into the orbit and ethmoid bone. 
The fourth began as a primary cancer of the 
ethmoid, manifesting itself as a malignant nasal 
polyp. The antrum of Highmore and orbit were 
also involved in the cancerous process. One 5 
year cure has been obtained. One patient died 
of lung metastasis. One died after 2 years of a 
coronary heart attack without any sign of recur- 
rence. The fourth was a recent case in which 
there is an excellent chance of cure. 

The operative procedure used by the author 
follows the teaching of Halsted. The cancer is 
removed widely by an en bloc dissection with all 
tissue kept in continuity. The operative tech- 
nique may be varied to meet the needs of indi- 
vidual cases. 


SURGICAL TECHNIQUE 


1. The incision is made wide enough to en- 
compass all the involved skin (Fig. 1). 

2. The orbit is entered laterally and the 
periosteum is stripped off the bone. 

3. The orbital contents are retracted medially 
and the optic nerve is divided (Fig. 2). 

4. The infraorbital ridge is divided laterally 
and the line of section is carried across the floor 
of the orbit to the outer end of the inferior orbital 
fissure (Fig. 3A). 

5. The cartilages of the nose are separated 
from the nasal bones. The nasal process of the 
maxilla is divided. The line of sections passes 
from the point where the infraorbital ridge was 
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divided proceeding downward and medially 
entering the nasal cavity below the inferior 
turbinate bone. In this way, the whole lateral 
wall of the nasal cavity is included in the parts 
to be removed (Fig. 3B and C). 

6. The cartilaginous nasal septum is divided 
and further dissection is in the opposite nasal 
cavity. In this way the nasal septum is removed 
with the mass. Also it is our purpose to stay 
away as far as possible from any involved tissues. 
The nasal bone is split vertically (Fig. 3). 

7. Our aim is to elevate the dura and then to 
divide the cribiform plate. This line of division 
is shown in Figures 4 and 5. Since the anatomy 
is somewhat involved it will be necessary to 
review the bony structures which enter into the 
operative field. The cribiform plate is situated at 
the base of a depression in the skull. Topo- 
graphically it is on a level with the articulation 
of the nasal bones with the nasal process of the 
frontal. However, if the area of the glabella were 
cut away one would have to penetrate about 34 
inch of bone before reaching the front end of the 
cribiform plate and the dura (Fig. 6). The tech- 
nique used by us is to clear the superior orbital 
ridge over its medial one-third. This ridge is 
divided vertically with a chisel about 1 inch from 
the nose. Shaving the bone continues until the 
dura is reached. This is carefully preserved and 
elevated from the roof of the orbit. The bone is 
chipped off and the dura elevated as dissection 
proceeds in a medial direction (Fig. 3). The 
frontonasal process of the frontal bone is now 
divided including the frontonasal duct. The dura 
over the cribiform plate is usually difficult to 
strip off because of the passage of the olfactory 
nerves endings. A small curved chisel has been 
used successfully for this purpose. However, in 2 
cases, it was thought advisable to remove this 
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portion of the dura with the specimen since it 
was so close to cancerous tissue. This divided 
area was covered with a layer of gelfilm which 
was held in place by packing with aureomycin 
gauze. Healing was perfect in all cases and there 
was practically no loss of cerebrospinal fluid. For 
a while pulsations were seen, but when scar tis- 
sue reinforced this region these were no longer 
visible. 

8. The chisel is then placed at a 45 degree 
angle (dark line in Figs. 4 and 5). When the 
chisel is tapped lightly, it divides the cribiform 
plate close to the crista galli. 

9. It may be recalled that the ethmoid encloses 
air cells. However, at the periphery these cells 
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Fic. 1. A typical cancer which has penetrated deeply 
into the ethmoid and orbit. A suggested line of incision 
is shown. 

Fic. 2. In the typical operation, the orbit is entered on 
the lateral side. The periosteum is stripped from the bone 
until the optic nerve is reached. This nerve is then 
severed. 

Fic. 3. The lines of bone section are shown. A, The 
area where floor or the orbit is divided from the outer end 
of the inferior orbital fissure to and including the inferior 
orbital ridge. B, The section continues across the frontal 
process of the maxilla to a point in the nasal cavity below 
the inferior turbinate bone C. The line of division crosses 
the septum to the opposite nasal cavity. The nasal bone is 
split vertically. The chisel is seen chipping off the supe- 
rior orbital ridge lateral to the ethmoidal cells. This is in 
preparation for the exposure of the dura. 


are completed only when articulated with sur- 
rounding bones. It is necessary, therefore, in this 
en bloc dissection, to remove portions of the 
contiguous bony structures. A glance at Figure 7 
will demonstrate this surgical anatomy. The 
superior roof of the orbit is now split from the 
orbital ridge straight backward to a point which 
is immediately anterior to the orbital foramen. 
This line of division is through thin bone and is 
lateral to that portion of the frontal which 
articulates superiorly with the ethmoid and 
which aids in enclosing the peripheral ethmoidal 
air spaces. In this maneuver the dura is elevated 
and carefully protected. 

10. The orbital contents are then retracted 








CRISTA | 


CRIBIFO 
PLATE 


R.ETHM! 


Fu 
dark 
place 
form 
mass 

Fr 
and 
antr 
invo 


half 


mec 
me! 
imr 
bro 
ope 
eth 
anc 
not 
thi 
orl 


ho! 





Ml 


D 


ply 
ion 


one 
1en 


rhe 


‘ior 
ital 
ow 
SES 
e is 
pe- 
}in 


ch 


ch 
id 
al 


ad 





Ross: RADICAL EN BLOC ETHMOIDECTOMY FOR CANCER I11 






CRISTA GALLI LAMINA 
es PAPYRACEA 
CRIBIFORM ———- L, ETHMOID 
PLATE SINUS 
R. ETHMOID SINUS SEPTUM 
EICHNER 

‘S6 


Fic. 4. 





Fic. 5. 


Fic. 4. This diagrammatic drawing illustrates, by the 
dark line, where the division of the cribiform plate takes 
place. It is seen that the septum and most of the cribi- 
form plate is removed with the ethmoid bone in the en 
masse dissection. 

Fic. 5. The interrupted line shows the area removed 
and the lines of section in Case 3. In this instance, the 
antrum, ethmoid, lateral nasal wall, and orbit were all 
involved in cancer. In the other 3 cases only the upper 
half of the superior maxilla was removed. A, The floor of 


medially until a good exposure of the optic fora- 
men is possible. The medial wall of the orbit, 
immediately in front of the optic -nerve, is 
broken through with a tap on the chisel. This 
opens into the sphenoidal sinus well behind the 
ethmoid cells. The carotid artery is posterior 
and above the optic foramen and, therefore, is 
not in any real danger. The line of cleavage of 


this area extends to the inner end of the inferior, 


orbital fissure. 
11. Grasping the tissues with a light bone- 
holding forceps and using a gently rocking 
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Fic. 7. 
the orbit. B, The antrum of Highmore. C, The nasal 
septum. D, The elevated dura. FE, The line of section of 
the cribiform plate extending across under the crista galli. 
F, Marks the place where roof of the orbit is divided 
sagittally. This is lateral to the ethmoidal cells. The 
interrupted line passing downward and laterally indi- 
cates where the bone is divided in front of the optic fora- 
men. This cleavage enters the sphenoidal sinus and ex- 
tends laterally to the inner end of the inferior orbital fis- 
sure. 

Fic. 6. The interrupted Jine demonstrates the lines of 
section which were used in Case 3. It should especially be 
noted in this diagrammatic illustration that the line 
runs down anterior to the optic foramen to the inferior 
orbital fissure, down through the sphenopalative fossa 
and divides the superior maxilla from the pterygoid 
process. 

Fic. 7. Diagrammatic illustration to show the bones 
which are complimentary and contiguous to the eth- 
moid. Some of these require removal in this en bloc type 
of surgery. 


movement allow the whole mass to be removed 
in continuity. 

The maxillary nerve is picked up, put under 
tension, ligated, and allowed to retract. It is 
advisable also to pick up the stump of the optic 
nerve and ligate it since some slight loss of cere- 
brospinal fluid may be noted otherwise. Bleeding 
has not been a prominent feature. It seems un- 
necessary to ligate the external carotid artery. 
Any remaining mucosa in the antrum should be 
carefully removed. Following this, the orbital 
cavity and the antrum are skin grafted and then 
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Fic. 8. Case 1. Postoperative appearance of the pa- 
tient. The orbital area could well be covered with a 
patch, but she wears a prosthesis as shown in Figure 9. 


packed with aureomycin gauze. It is remarkable 
how these have grown on the bare bone. 

These typical operations were varied in Case 
3. In this instance, the whole of the superior 
maxilla was removed as well as the ethmoid and 
the orbital contents. The lines of section are 
shown in Figures 5 and 6. 


ILLUSTRATIVE CASES 


It will be seen that while the principle of the 
operation is similar in-all cases, details of tech- 
nique may be varied to meet the needs. 

Case 1. Mrs. A. H., aged 57 years, was operated 
upon on October 29, 1952. The history is that of a 
basal cell cancer appearing in the angle between the 
nose and the inner canthus of the eye. It had been 
excised 3 times and in the intervals the patient had 
received radium and also x-ray therapy. The dura- 
tion of these treatments was for a period of more than 
5 years. In spite of these treatments, the cancer re- 
curred each time and extended widely and pene- 
trated deeply. Finally, there was a large ulceration on 
the left side of her nose extending onto the left cheek. 
Chere was cancerous infiltration involving all her nose 
except the tip. This extended over the nose to involve 
the right cheek and the inner canthus of the right eye. 
The cancer had also invaded the skin up over the 
glabella and extended onto the forehead. The cancer 
had infiltrated both eyelids on the left side and had 
obviously invaded the orbit. Biopsies removed from 7 
areas all revealed infiltrating basal cell carcinoma. 


Fic. 9. Case 1. The patient is shown wearing a prosthe- 
sis made to fill in the large cavity. Her appearance is 
quite acceptable. 


The incision had to be wide to encompass all the 
affected skin and even about one-third of the inner 
end of the eyelids on the opposite side. The orbital 
contents together with the upper part of the superior 
maxilla, the left nasal bone, and the left ethmoid were 
all removed including the cribiform plate. All these 
tissues were removed in continuity en bloc dissection. 
The whole area was packed with aureomycin gauze. 
No attempt was made to graft skin at this time. Plastic 
surgery was performed later and tubular grafts used 
to fill in the skin of the forehead and build a new nose. 
Skin grafts were placed in the orbit and the antrum of 
Highmore. These took well. A prosthesis has been 
made to fill in the large cavity and her appearance is 
quite acceptable (Figs. 8 and 9). 

In spite of the extensive carcinoma, the patient is 
now well and free from metastasis after an elapse of 
more than 5 years. 

Case 2. H. N., male, aged 57 years, was operated 
upon on August 18, 1953. The history was that of a 
penetrating basal cell cancer in the angle between the 
nose and the inner canthus of the left eye. It had been 
treated with radium 2 years before. After recurrence, 
it received another application of radium and, again, 
recurred. There had been no treatment for a year 
when he was first seen by us. At this time, there was a 
lesion about 2 inches in diameter in the same area. 
The lesion involved the eyelids of the left eye. Inva- 
sion of the orbit had taken place. In the center of the 
lesion was a deep hole which connected with the 
ethmoid cells which were filled with cancer. Air could 
be blown out through this hole demonstrating a free 
communication with the nasal cavity. 

Operation was carried out by removing the con- 
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tents of the orbit, the upper half of the superior 
maxilla, the left nasal bone, and the left ethmoid. The 
whole mass was removed in continuity including the 
cribiform plate. The pathologic report was infiltrative 
adenocarcinoma. Possibly it arose in dermal glands. 
For 21% years the patient remained well. Then metas- 
tasis to the left parotid gland developed. A complete 
parotidectomy and radical block resection of the left 
neck was performed. 

Six months later on August 23, 1956 he died. 
Autopsy revealed metastasis to the lungs, right kid- 
ney, right ilium, and brain. 

While a cure was not obtained, a 3 year survival 
occurred. Certainly, the palliation seemed worth- 
while. His postoperative appearance is shown in 
Figure 10. He was fitted with a prosthesis and his ap- 
pearance was quite good. 

Case 3. L. C., male, aged 50 years, had a radical 
operation on August 20, 1954. There was a history of 
sinus trouble since 1946. Roentgenograms in 1946 re- 
vealed marked clouding of both antrums. Polypec- 
tomy had been performed on November 12, 1946. 
Another polyp developed which was removed and 
biopsied on August 13, 1954. The diagnosis was 
squamous cell carcinoma. On August 17, 1954 a 
biopsy of the right antrum was made showing a 
squamous cell cancer almost filling this area. Roent- 
genograms showed the right ethmoid bone to be dense 
and obviously infiltrated with carcinoma. There was a 
suggestion also of erosion of the bones. There was 
definite infiltration into the orbit. 

The radical operation was performed on August 20, 
1954. As the antrum and ethmoid bone both con- 
tained cancer, the scope of the operation had to be 
enlarged to encompass all the areas involved. Figures 
5 and 6 illustrate, by the dotted lines, the extent of the 
tissues removed. The orbital contents were also re- 
moved as the cancer had eroded into the orbit. Some 
of the dura, namely that portion over the cribiform 
plate, was also removed deliberately. The pathologic 
report following the operation revealed squamous cell 





Fic. 11. Case 4. The preoperative appearance is shown. 
The eyelids, the orbit, the infraorbital ridge, and the 
upper part of the superior maxilla were infiltrated by the 
cancer which had penetrated into the ethmoid bone fill- 
ing the air cells. 
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Fic. 10. Case 2. Postoperative appearance. The pa- 
tient wore a patch over the left eye area which covered it 
quite well and made his appearance quite acceptable. 


carcinoma in both the ethmoid cells and in the right 
antrum. There was also cancer in the orbit which had 
also extended into the conjunctiva. 

He made a good recovery. A dental prosthesis was 
made to fill in the hard palate defect and to bulge the 





Fic. 12. A postoperative photograph shows how an 
attempt was made to close the defect with a sliding graft. 
After a month a small hole opened because of thinness of 
the tissues in this area. She wears dark glasses adequate 
to hide this area, and her appearance is quite acceptable. 
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cheek out to its natural contour. The patient wore a 
black patch over the orbit defect and his appearance 
was acceptable. He went back to work for 24% years. 
He died suddenly of a coronary heart attack. There 
was no recurrence of the cancer and hope had been 
entertained for a permanent cure. 

Case 4. M. G., female, aged 62 years, was first seen 
on August 19, 1957. The patient had a lesion on the 
left side of the face in the angle between the nose and 
the inner canthus of the left eye which had been 
gradually growing for 30 years. There had been no 
previous treatment. There was a large ulcerated area 
surrounded by skin infiltration. The cancer involved 
the inner two-thirds of the lower eyelid and the infra- 
orbital ridge and penetrated into the orbit along the 
lacrimal bone. The conjunctiva was involved in can- 
cer. The bone over the upper part of the inaxillary 
antrum was infiltrated and the ethmoid cells were 
filled with cancer. 

The area of cancer was encompassed by the incision 
including an adequate area of normal skin (Fig. 1). 
The bone sectioning was carried out as illustrated in 
Figure 3. The orbital contents, the upper half of the 
superior maxilla, and the ethmoid including the 
cribiform plate were all removed with the tumor 
mass, all in continuity. A large area of the skin with 
underlying tissues was brought over from the lateral 
side of the face and the left temple to fill in the large 
defect. Before it was sutured over the orbit, it was 
lined with skin. Skin grafts were also placed in the re- 
maining portions of the bony orbit and the antrum of 
Highmore. These tissues all healed by first intention. 
A small area of the tissues at the upper inner angle 
opened up about 1 month later, leaving a small hole 
because the flap was too thin. Through this opening it 
_ could be discerned that the skin grafts lining the 


cavity had all taken and were alive. This opening will 
be closed by a plastic maneuver later. The cosmetic 
result is excellent and when she wears dark glasses, 
the wounds can scarcely be seen. ; 

It is our belief that the prognosisis reasonably good 
The pathologic diagnosis in this instance was hasal 
cell carcinoma. 


DISCUSSION AND SUMMARY 


Cancers involving the ethmoid bone and sur- 
rounding areas have presented a challenging 
problem to the surgeon. Since radiation has 
proved disappointing, it seems necessary to re- 
evaluate the potentials of more adequate surgery. 

The author describes in detail the technique 
which has been used in 4 cases. The principles 
employed consist of an en bloc resection and 
keeping all the tissues in continuity. 

The results have been sufficiently good that 
encouragement is given to the further use of this 
surgical procedure. One 5 year cure has been 
obtained. One patient survived 2% years with- 
out recurrence but died of a coronary heart 
attack. One patient died of mediastal metastasis 
after 21% years of palliation. The fourth case is 
too recent to be of statistical value. 

The patients have been most happy with the 
results. They have no hesitancy in meeting the 
public. Certainly, adequate surgery seems to be 
their only hope of survival. 
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REPAIR OF “WHITEHEAD DEFORMITY” OF THE ANUS 


JAMES A. FERGUSON, M.D., F.A.C.S., Grand Rapids, Michigan 


AN AMPUTATIVE HEMORRHOIDECTOMY, similar to 
that described by Walter Whitehead in 1882, 
but improperly done, may result in a specific 
anal deformity. The term “Whitehead deformity” 
now conveys such an accurate mental image that 
its use, though unfair, is perhaps justified. As a 
result of a hemorrhoidectomy by which all the 
skin of the anal canal has been removed and as a 
result of fixation of the mucosa at the normal 
verge and not at the dentate line, gross anal and 
para-anal deformity and malfunction may re- 
sult. The anal funnel is ironed out, the muco- 
cutaneous border is at the anal verge, there is 
continual anal wetness and discomfort with 
varying degrees of incontinence to stool and to 
gas. 

Since this disease is not disabling, these 
annoying symptoms are very apt to be endured 
for many years or even for life. Plastic repair 
should always be recommended when the de- 
formity is brought to the attention of the physi- 
cian. 

All reparative measures of the anal canal for 
this deformity must include removal of the 
abnormally placed mucosa with the mobilization 
and transfer of viable skin to cover the denuded 
muscle fibers. The most logical donor area is the 
perianal tissue, and the most logical method 
is that of swinging skin flaps from this area. An 
obvious danger of the procedure is necrosis of 
the flaps with the possibility of a final result no 
better, and perhaps worse, than the original. 
Success depends upon preparation, planning, 
and careful execution. 

The operative procedure is planned and out- 
lined as illustrated in Figure 1. Orientation in 
this figure is from the left lateral position of the 
patient, but the drawing can be turned to 
coincide with the reader’s customary point of 
view. A circular incision has been made at the 
abnormal mucocutaneous junction and the 
mucosa has been dissected back to and amputated 
at an approximately normal level. The external 
and the internal anal sphincter muscle fibers are 


From the Ferguson-Droste-Ferguson Clinic, Grand Rapids, 
Michigan. 
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clearly exposed. No fixation by suture of the 
mucosa at this level is done at this time. 

With the denuded anal canal as the center, an 
S-shaped incision is outlined as shown by the 
dotted lines in Figure 1. The bases of the flaps are 
opposite each other and each base is as great as, 
or greater than, the length of its respective flap. 
The skin flaps a-a’ and 6-b’ are then laid out. 
The sides a and b are long and have long blood 
supply lines while the sides a’ and b’ are short 
and have short blood supply lines. 

The flaps are uniformly full thickness plus. A 
layer of subcutaneous fat is left on the entire 
under surface of the skin, and the flap is swung 
into place as shown in Figure 2. No preliminary 
stitches are used in the free mucosal edge nor 
are anchoring sutures used subcutaneously on 
the mobilized skin. The free skin edge is fixed to 
the mucosal edge directly by interrupted No. 
000 chromic catgut sutures (7 YY, Fig. 2). 





4 
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Fic. 1. “Whitehead deformity” of anus. Schematic 
representation of anal canal following removal of ab- 
normal mucosa and showing plan for skin flap outlines 
(a—a’ and 6—b’). S, Skin, F, muscle fibers, //, mucosa. 
P—A, indicates that patient is in the left lateral position. 
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Fic. 2. “Whitehead deformity” of anus. The right flap 
has been elevated and swung into place. The left flap is 
being elevated and full thickness plus is shown. Note 
natural approximation of flap edges a and 6’ and a’ and b. 

In moving the flaps to their new position it is 
noted that edges a and 6’ fall together naturally 
and may be sewed in the posterior midline. The 
same pertains to edges a’ and 6 in the anterior 
midline, and the anal canal is thus completely 
lined with healthy, vigorous skin. The edges a’ 
and 6’ are practically indestructible because of 
short, robust blood supply lines. They abut and 
support edges } and a respectively which have 
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somewhat longer blood supply lines. The flaps 
are not moved far and no tension exists. 

No particular effort should be made to close 
the external donor ellipses unless the edges 
naturally fall together and can be loosely ap- 
proximated. These ellipses are not part of the 
functional result and they epithelize rapidly and 
nicely in any event. 

Four patients have been treated by this 
method, and their symptoms have been com- 
pletely relieved. If necrosis of the flap or part of 
the flap should occur, epithelization moves up- 
ward rapidly and a good canal eventually re- 
sults. This accidentally happened in 1 patient 
and, though convalescence was prolonged, the 
outcome was ideal. 

Preoperative preparation has been the same as 
that used for major surgery of the colon. Post- 
operative care consists chiefly of local cleansing 
and wound care with restriction of the patient to 
a liquid diet for 5 days. A general diet is then 
resumed. 


SUMMARY AND CONCLUSIONS 


An S-plasty method for relining the anal canal 
with skin is reported. In each of 4 patients, the 
defect was due to previous amputative hemor- 
rhoidectomy. Though these deformities are not 
now common, there is no reason to expect any- 
thing but uniformly satisfactory results from a 
repair as described. Those suffering from this 
affliction should not have to resign themselves 
when cure can be produced consistently. 
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SURGICAL USES OF THE PERONEUS BREVIS ‘TENDON 


RICHARD K. WHITE, M.D., F.A.C.S., and 





B. MICHAEL KRAYNICK, M.D., Allentown, Pennsylvania 


FROM TIME TO TIME, in the course of surgical 
practice, distinctive problems are met. These 
conditions represent individual situations which 
vary from the deformities or deficiencies usually 
encountered. Because the situation itself is un- 
usual or different, the methods employed for 
correction must be different. This fact necessi- 
tates the adaptation, modification, revision, or 
substitution of a standard procedure required by 
the individual case at hand. In the problems 
presented here, the tendon of the peroneus 
brevis was utilized to correct the particular 
deficiency. This tendon has long been used for 
many and varied conditions, when both tendon 
length and tendon strength were required. In no 
instance has the loss of the brevis tendon pro- 
duced any untoward or undesired effect upon 
the ankle or subastragalar joint. In the present 
instances, the tendon was utilized to modify 
standard techniques as well as to repair unusual 
defects. It is not our purpose necessarily to 
present a large series of cases, nor a long term 
follow-up. It is desired to point out the uses to 
which this tendon can be adapted. 

The first example of its use is in the standard 
procedure of Watson-Jones for a lateral subluxa- 
tion of the talus due to rupture of the lateral 
ligaments of the ankle. In carrying out the 
standard method of repair, technical difficulties 
are frequently encountered. The tendon may be 
too short to complete the interlacing procedure. 
One may break through the tunnel in the neck 
of the astragalus while drilling, or pull it off 
when the tendon is placed under tension. Such 
difficulties in the past have led to the modifica- 
tion as shown in Figure 1. This is essentially a 
tenodesis. It would appear that such a repair is 
all that is accomplished with the standard 
method. The same concept has occurred to 
others and has been reported by Lee. Further em- 
bellishments upon the tenodesing effect of the 
transplanted brevis tendon have not been shown 
to be necessary in our experience. The literature 
points out that there is still no general agreement 
as to which components of the two ligaments are 


ruptured in cases of a subluxation of the talus. 
In order to establish some basis for the cause of 
this mechanism, cadaver and amputated speci- 
mens were dissected. During the process of the 
many dissections, it was noted that there were 
many variations in size, direction, shape, and 
strength of fibers of the anterior ligament. The 
lateral ligament, however, was constant in rela- 
tive size, direction, and attachment within a 
small range of variation. Representative results 
of the dissection are demonstrated in Figures 2 
to 5, inclusive. All specimens were tested under 
direct vision of the dissection and by x-ray 
examination for pre-existing stability. We dem- 
onstrated to our satisfaction that section of the 
lateral ligament alone was sufficient to produce a 
measurable degree of subluxation. It is our 
opinion that the intact anterior ligament acts as a 
check to greater degrees of luxation. It was also 
noted during the process of dissection that, when 
the anterior ligament alone was cut, a variable 
amount of forward motion of the talus on the 








r 


Fic. 2. 





Fic. 3. Fic. 4. 





Fu. 5. 


Fic. 2. Both ligaments cut. On the left, moderate force 
applied, while on the right, greater force was applied. 
Proper examination with the proper amount of force is 


tibia was possible. It appears quite likely that the 
varying degrees of severity of the clinically 
demonstrated talus subluxations are due to the 
degree of rupture of the lateral ligament as well 
as the anatomic variability in the anterior liga- 
ment. Complete rupture of the lateral ligament 
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Fic. 6. 





Fic. 7 


necessary to demonstrate the luxation and to climinat 
varying degrees of luxation which remain unidentified 

Fic. 3. The anterior ligament is completely sectioned 
The lateral ligament is intact. The wire is under th: 
lateral ligament. Despite the force sufficient to distort th« 
pin, luxation of the talus did not occur. 

Fic. 4. The lateral ligament is sectioned. The anterior 
ligament is intact. Luxation of the talus is demonstrated 
In this particular specimen the anterior ligament was 
well developed and fanned out to a moderate degret 
When this ligament was cut (subsequently done), the 
degree of luxation was increased. Were the anterior liga- 
ment not as well developed, the luxation also would have 
been greater. 

Fic. 5. Both ligaments cut. Tenodesis as in Figure | 
carried out. Roentgenograms demonstrating the lack of 
luxation. 


with an anatomically deficient anterior ligament 
in one individual may well be equal in severity 
of luxation to complete rupture of both ligaments 
in another individual. Figure 6 represents a talus 
luxation repaired by the method in Figure 1. 
Figure 7 represents the year and one-half fol- 
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low-up by x-ray examination. A 24 year clinical 
follow-up examination reveals a stable ankle 
with no complaints. It is our feeling that the 
tenodesis effect of the brevis tendon insertion, 
when attached to the end of the fibula, results 
in a stable ankle. Since the direction of this 
transplanted tendon is in perhaps the midpoint 
between the anterior and lateral ligaments, it 
may well be that the stabilizing effect may 
represent the resultant of two forces. Certainly in 
the adult the brevis tendon is thicker than both 
the two ligaments combined. 

In the second case, the brevis tendon was used 
in an old rupture of the heel cord. Since rather 
extensive reviews of this subject have been made 
within the recent literature, no attempt is made 
to review this subject here. On occasion one 
finds isolated instances of peculiar problems 
which present surgical difficulties in repair. In 
this case there was a 4 to 5 inch gap in an old 


ruptured heel cord which occurred as the result 
of a direct blow. There was nothing left of the 
heel cord except a bit of bulbous scarring about 
the attachment into the os calcis and a rather 
long, thin strand which was noted laterally. It 
appeared that something was more desirable 
than ordinary fascial lengths, tubes, or strips. 
To overcome the defect, the brevis tendon was 
transplanted directly into the os calcis where the 
normal insertion would be. In addition, fascial 
strips were woven about two strands, as shown in 
Figure 8. The follow-up, 3 years later, demon- 
strated minimal weakness in comparison with the 
opposite side, unassisted by the opposite leg, 
when the patient attempted to rise on the toes of 
the affected side. He works as a laborer without 
loss of time. 

The third instance is demonstrated in the 
progressively developing calcaneovalgus de- 
formity as seen in the young paralytic child. We 
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have limited the use, in this instance, to the 
conditions herein noted. It has been pointed out 
by Peabody that “no weakened muscle group is 
so prone to deterioration from the overstretching 
by antagonists and by the instinctive functional 
activities” as that which is seen in the triceps 
surae. Among 261 cases of paralytic polio seen in 
our clinics, there were 15 cases of progressive 
paralytic calcaneovalgus deformities in young 
children. It has been shown by others that the 
calcaneovalgus deformity is the most common 
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Fra. 11. 
type in the calcaneal paralytic foot. In our ma- 
terial it has been the most severe deformity when 
it occurs with complete paralysis of the triceps. 
Early transposition of both the peroneals has 
been advocated as a holding procedure to help 
check the deformity from progressing until bone 
age is sufficiently developed to stabilize the foot. 
In these children, with such a deformity as 
described, the stabilizing effect was lost after a 2 
to 3 year period in our experience. This was 
noted despite the continuance of adequate brac- 
ing. These children are still not old enough for 
foot stabilization. In addition, the potential use 
of the transplanted peroneals has been lost by 
the progressive lengthening of the muscle under 
continuous weight-bearing strain. To attempt to 
counteract this problem, the heel cord was 
shortened to the point of maximum equinus. The 
brevis tendon was then laced into the heel cord 
and fastened in such a manner so as to reinforce 
the repair by a tenodesis effect. It seems as logical 
to shorten the heel cord for a calcaneus de- 
formity as it does to lengthen the heel cord for an 
equinus deformity. In Figure 9 the operative 
procedure is demonstrated. It is pointed out, 
however, that the heel cord is not as broad as the 
artist has shown. In fact, in some instances, it has 
been difficult to accomplish the repair because 
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the paralytic heel cord was so thin. With such a 
method, the peroneus longus tendon is still 
available for a transplant, after the foot has been 
stabilized, at a later period. It may be, of course, 
that the stabilizing effect in these rather severe 
deformities will be lost with the passage of addi- 
tional years. So far, however, reinforcing the 
shortened heel cord has proved more effective 
than transplantation alone. 

The fourth example of the use of the brevis 
tendon is again an isolated example which ap- 
plies to an individual type of problem. Here the 
deformity is that of a congenital flatfoot with a 
marked plantar equinus of the talus. Figure 10 
demonstrates the condition in an 8 year old 
child. Berkett has pointed out that because of the 
instability of the talocalcaneal relationship and 
the talonavicular joint, correction is difficult and 
recurrence of the deformity is the rule. The 
conservative measures, even in the very young 
child, have proved to be unsatisfactory. Even 
with sectioning of the tibialis anterior and 
capsulotomy of the ankle joint, recurrence is 
prone to occur because of the fixed deformity. In 
an effort to overcome this problem, the tenodes- 
ing effect of the brevis tendon was used by trans- 
planting it anteriorly into the astragalar neck 
under tension, in an effort to maintain the cor- 
rected position achieved by soft tissue release. 
Such a transplant is demonstrated in Figure 11. 
Heel cord lengthening usually accompanied the 
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procedure at a second operation. It seems most 
likely, however, that even under these conditions 
the deformity will recur. A long term follow-up 
is not available and would be necessary in order 
to demonstrate real benefit. It seemed logical, 
however, to attack the problem from this point 
of view and perhaps to prevent an increasing 
deformity, so that foot stabilization might be 
easier when done at a later date. It appeared to 
us that even as in selected cases of forefoot 
equinus which are helped by either a Hibbs or a 
Jones transplant, so a hindfoot type of equinus 
could well be helped by a brevis transplant. 


SUMMARY 


The tendon of the peroneus brevis has been 
used in 4 instances, representing specific indi- 
vidual cases. The tendon fulfilled a need which 
was not easily met by other means. 
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THE “FEMALE BONE-SETTER” OF EPSOM 


ARTHUR S. LURIE, M.D., Swampscott, Massachusetts 


WILLIAM HOGARTH (1697-1764), the famous 
English engraver and artist is well known for his 
satirical prints which poke fun-at the British 
mode of living of his time. Among his better 
known series of engravings are “‘A Harlot’s 
Progress,” ‘‘Four Stages of Cruelty,” ‘“‘A Rake’s 
Progress,” and ‘‘Marriage a la Mode.” In 
“Consultation of Physicians” (or, as it appeared 
as presented here some years later under the 
title of ““The Undertakers’ Arms,” Fig. 1), Ho- 
garth depicts a group of pompous, stuffy, wigged 
physicians, each possessing a customary doctor’s 
cane. Above the group, centrally placed, there is 
a figure of a female wearing a curious hat and a 
checkerboard dress. On close inspection one also 
notes a strabismus. She is the famous Mrs. Sarah 
Mapp—the “‘Female Bone-Setter’’ of Epsom. An 
interesting account of this celebrated orthopedic 
charlatan appears in Volume IV of Portraits, 
Memoirs and Characters of Remarkable Persons from 
the Revolution in 1688 to the End of the Reign of 
George II by James Caulfield. Mrs. Mapp learned 
the fundamentals of her calling from her father, 
Mr. Wallin, who was a bone-setter at Hindon, 
Wilts, England. After a quarrel between them, 
she roamed ‘‘about the country calling herself 
Crazy Sally.” 

Because of ‘‘. . . success in her profession she mar- 
ried, August 11, 1736, Hill Mapp, a servant... . In 
most cases her success was rather owing to the strength 
of her arms and the boldness of her undertakings, than 
to any knowledge of anatomy or skill in chirurgical 


operations. . . . she was a character considerable 
enough to deserve the satire of Hogarth.” 


Her fame and fortune grew as is evident from 
the following abstract from a verse addressed to 
her in August 1736: 


We read the long accounts with wonder o’er; 
Had he! wrote less, we had believ’ him more. 
Let these, O Mapp! thou wonder of the age 
With dubious arts endeavour to engage; 
While you, irregularly strict to rules, 

Teach dull collegiate pedants they are fools: 
By merit the sure path to fame pursue; 

For all who see thy art, must own it true. 


In the same month Mrs. Mapp accompanied 
by Dr. Taylor, the oculist, attended the play 
house in Lincoln’s-inn-fields, to see a comedy 
inspired by her called ““The Husband’s Relief, 
with the Female Bone-Setter and Worm-Doc- 
tor.” The following epigram and verses, read and 
sung during the performance, sarcastically 
emphasize her fame, and in jest, mock the 
physicians of the period. 


While Mapp to th’ actors shew’d a kind regard, 
On one side Taylor sat, on th’ other Ward? 

When their mock persons of the drama came 
Both Ward and Taylor thought it hurt their fame; 
Wonder’d how Mapp cou’d in good humour be— 
Zounds! cries the manly dame, it hurts not me, 
Quacks without art may either blind or kill, 

But demonstration shews that mine is skill.” 


You surgeons of London, who puzzle your pates, 
To ride in your coaches, and purchase estates; 
Give over, for shame, for your pride has a fall, 
And the doctress of Epsom has out-done you all. 


‘Referring to pee Taylor, the oculist. 
2Dr. Joshua Ward, a quack doctor. 
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and: 


Dame nature has given her a doctor's degree, 

She gets all the patients, and pockets the fee; 

So if you don’t instantly prove it a cheat, 

She'll loll in her chariot whilst you walk the strect. 


However surprising it may seem, Mrs. Mapp 
was credited with performing ‘extraordinary 
cures” by 


Several operations, particularly one upon a niece of 
Sir Hans Sloane* to his great satisfaction and her 
credit. The patient had her shoulder-bone out for 
about nine years. 


Another female patient who 


Had several bones out from the knees to her tocs. 
which she put in their proper places and the other on 
a butcher, whose knee-pans were so misplaced that he 
walked with his knees knocking one against the other. 


However, one indignant patient decided to 
bring before the public the consequences of Mrs. 
Mapp’s therapy: 


Advertisement Grubb Street Journal, Sept. 1, 1736 


Whereas it has been industriously (I wish I could say 
truly) reported, that I had found great benefit from a 
certain female bone-setter’s performance, and that it 
was to a want of resolution to undergo the operation, 
that I did not meet with perfect cure: this is therefore 
to give notice that any persons afflicted with lameness 
(who are willing to know what good or harm others 
may receive, before they venture on desperate meas- 
ures themselves) will be welcome any morning to see 
the dressing of my leg, which was sound before the 
operation, and they will then be able to judge of the 
performance, and to whom I owe my present unhappy 
confinement to my bed and chair. 

(signed) Thomas Barber, ‘Tallows-Chandler 

Saffron-Hill 


In the same journal, dated December 22, 1737: 


Died last week, at her lodgings, ner Sever Dials, the 
much-talked-of Mrs. Mapp, the bone-setter so misra- 
bly poor, that the parish was obliged to bury her. 


Sir Hans Sloane, a physician, founder and president of the 
Roval Society. 
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Details concerning the cause and circuim- 
stances of her misfortune are lacking. Unfortu- 
nately many of the physicians of the day were 
tactless and unsympathetic, forcing the patient 
to seek out a more understanding ear. The 
quacks of that era were soon exposed and de- 
nounced as they have been to this day, when the 
physicians recalled the Hippocratic teaching 
that medical art consists of three principal fac- 
tors—the disease, the patient, and the physician. 
It was in fact the beginning of the golden age of 
modern medicine. 
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Reviews of New Books 


THE BOOK Care of The Premature Infant! by Evelyn C. 
Lundeen and Ralph H. Kunstadter is primarily a 
manual describing in detail the nursing techniques, 
materials, and equipment for a premature nursery. 
This material has been compiled and proved through 
many years of successful experience at the Hortense 
Schoen Joseph Premature Infant Station at Michael 
Reese Hospital in Chicago. 

The basic pattern of the data regarding technical 
nursing procedure and nursery equipment is a revised 
form of a previous publication, The Premature Infant; 
Its Medical and Nursing Care by Julius H. Hess and 
Evelyn C. Lundeen. 

Several of the chapters on pathologic conditions and 
antibiotic therapy have been contributed by physicians 
associated with the Michael Reese Hospital. These 
discussions are necessarily brief but broad enough in 
scope to alert the inexperienced nurse and physician. 
The manifestation of serious conditions in the prema- 
ture are so different from similar diseases in older 
infants and adults and may escape recognition. 

The interesting statistics on the fate of the premature 
have been brought up to date and includes Hess’ last 
publication on this subject. —L. Martin Hardy. 


THE FOURTH EDITION of Pediatric Gynecology* by Good- 
rich C. Schauffler has been revised, necessarily en- 
larged, and brought up-to-date. The author still main- 
tains the strong and desirable emphasis on the psy- 
chologic approach and management of the gynecologic 
problems of young girls. These somewhat repetitious 
discussions appear throughout the volume. However, 
sections such as the menstrual hygiene and associated 
psychosomatic problems and masturbation justify such 
emphasis. 

There is a new section on female pseudohermaphro- 
ditism and intersexes and a generous revision on vuivar 
and vaginal conditions both common and rare. The 
surgical aspects of the female pelvis including the 
bowel have been discussed in a broader scope. 

This new edition again brings together all of the 
gynecologic problems in children and should be of 
value to general practitioners, gynecologists, and 
pediatricians alike. —L. Martin Hardy. 


A SPLENDID NEW BOOK on Urgent Surgery of Infancy’ 
has just been published by Masson and Company. 
Editors (Libraires de Academie de Medecine) of 
Paris. It is written by Marcel Févre with the collabora- 
tion of his assistant Denys Pallerin, as a complete 
thorough revision of the first edition printed in 1939. 
Following World War II, there was tremendous prog- 


ICARE OF THE Premature InFant. By Evelyn C. Lundeen, 
R.N., and Ralph H. Kunstadter, M.D., F.A.C.P., F.A.A.P. 367 
pages, 87 illustrations. $8.00. Philadelphia and Montreal: J. 
B. Lippincott Co., 1958. 

2PepiaTRIGC GYNECOLOGY; WITH SEcTIONS ON UROLOGY AND 
Procrotocy. By Goodrich C. Schauffler, M.D. 4th ed. 349 
pages, illustrated. Chicago: The Year Book Publishers, Inc., 1958. 

SCHIRURGIE INFANTILE D’URGENCE. By Marcel Fevre. 2nd ed. 
718 pages, 201 illustrations. 8,000 fr. Paris: Masson et Cie, 1958. 


ress in surgery, particularly in methods of anesthesia. 
the development of chemotherapy and the antibiotics. 
improved preoperative and postoperative care of pa- 
tients, to say nothing of the changes in operative 
technique. All surgical procedures have become safer, 
and it has become possible to combat successfully the 
most serious and complex surgical problems in infants, 
which formerly carried an extremely high mortality. 

This revised edition therefore represents a presenta- 
tion of the most modern methods of diagnosis and 
treatment, based on the increased knowledge which 
has accumulated over the past 20 years. It is strictly 
the product of the experiences of the author and his 
associates, including in many instances his chief, Pro- 
fessor Ombredanne. There is no formal bibliography 
and relatively few references to the literature. It is a 
large book, with 703 pages and about 200 figures. The 
photographs are well chosen, the drawings are excel- 
lent, and the prints of x-ray films are clear. In its 
scope, although most emphasis is placed on conditions 
relating to the abdomen, this book covers adequately 
all fields of urgent surgery, including the most com- 
mon fractures. The statements of the author are al- 
ways definite and concise, and all along the way he 
gives excellent detailed clinical examples, which clearly 
depict the methods of treatment used and the clinical 
results. 

I know of no other book cither in the American or 
foreign literature which so adequately deals with this 
specific field—urgent surgery of infancy. 

— Edwin M. Miller. 


VotumE I of A Text on Systemic Pathology’ edited by 
Otto Saphir is a comprehensive treatise on pathology. 
He is assisted by 11 special contributors. The volume 
is divided into separate sections entitled: the Heart, 
Congenital Heart Disease, the Vascular System, the 
Respiratory System, Mediastinum, the Urinary 
System, the Female Genital System, Hermaph- 
roditism and Pseudohermaphroditism, the Male 
Genital System, the Hematopoietic System. The re- 
maining organ systems are to be encompassed in 
volume II. An appropriate apology is made by the 
editor for allocating 33 of the 865 pages of the book to 
the subject of hermaphroditism and pseudohermaph- 
roditism. 

In this book an attempt is made to include enough 
specialized information so that a search through 
original sources by the busy pathologist and student 
would rarely be necessary. Such an ambitious under- 
taking is obviously limited by the space available in 
even two volumes. The large size of the text with its 
inclusion of an unusually large number of bibilio- 
graphic references and a thorough index do indeed 
provide a wealth of information. The illustrations are, 
for the most part, good. 

It seems that the amount of material presented 


4A Text on Systemic Patuoitocy. Edited by Otto Saphir, 
M.D. Vol. I. 865 pages, illustrated. $32.00. New York and Lon- 
don: Grune & Stratton, 1958. 
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would be overwhelming for the medical student and 
that the volume will be of more value for the practic- 
ing general pathologist. Likewise, gynecologists and 
others working in special fields will find within the 
confines of these volumes more than adequate cover- 
age of the pathology relating to their particular 
spheres of interest. 
—D. C. Dahlin and M. B. Dockerty. 


THAT THE LECTURES in obstetrics and gynecology to 
the medical students of Temple University now 
appear in a textbook, Obstetrics and Gynecology,® is not 
surprising to one who has been privileged to hear 
them. Clarity and brevity characterize the approach 
to each facet of the subject. The management of all 
problems is current. Such questionable topics as bags, 
bougies, and external pelvic mensuration are ex- 
cluded. Even though it has been primarily designed 
for medical students, the book should be highly valu- 
able as a quick reference for the general practitioner. 
— Reginald A. Smith. 


‘THE PREPARATION Of a third edition of Orr’s Operations 
of General Surgery’ was interrupted by Doctor Orr’s 
death, but has been ably completed by Higgins and 
Orr, Jr. 

The book is intended as a reference work on general 
surgical operations. An effort has been made to in- 
clude only well established and time proved operative 
techniques and in this respect the authors have suc- 
ceeded admirably. In my opinion, it could have been 
brought more up to date in some fields. 

No mention is made of the use of steroid injections 
in the treatment of bursitis or ganglia. Some may take 
issue with the old arbitrary selection of the optimum 
time for cleft palate repair in the light of recent ad- 
vances made in the study of this problem. In the 
management of chest injuries, particularly flail chest, 
inadequate emphasis is given to the value of immedi- 
ate tracheostomy. In the discussion of operations for 
esophageal atresia, no reference is made to the value 
of delayed anastomosis with an intestinal substitute 
for those patients in whom it is not possible to obtain 
primary anastomosis. In the care of liver wounds, the 
older viewpoint of packing and pressure hemostasis 
has been stressed without reference to the value of 
external drainage. 

With these few exceptions the reviewer can find 
little to criticize. 

The format and the printing are excellent. The 
text is concise and clear. The illustrations are good, 
but for the most part are reproductions with which 
most surgeons have long been familiar. Some new 
illustrations would be refreshing. 

In spite of these criticisms, the book will prove of 
great value as a quick and informative reference to 
most of the operative procedures undertaken in the 
field of general surgery. — Edward W. Gibbs. 


‘OssTETRICS AND GyNEcOLoGY. By J. Robert Willson, M.D., 
Clayton T. Beecham, M.D., Isador Forman, M.D., and Elsie 
Reid Carrington, M.D. 605 pages, 267 illustrations. St. Louis: 
C. V. Mosby Co., 1958. 

*Orr’s Operations OF GENERAL SurGERY. By George A. 
Higgins, M.D., F.A.C.S., and Thomas G. Orr, oe M.D., 
F.A.C.S. 3rd ed. 1016 pages, 835 illustrations. Philadelphia and 
London: W. B. Saunders Co., 1958. 
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THE VOLUME of 336 pages by Marc Iselin, the author 
of the well known Chirurgie de la main,’ and his associ- 
ates Luc Gosse, Serge Boussard, and Daniel Benoist, 
represents an ambitious effort to portray in diagram- 
matic form the many procedures involved in the 
treatment of injuries and deformities of the hand. 

Iselin points out in his preface that the problems of 
diagnosis and the theoretic considerations of treat- 
ment are discussed at length in his earlier work. The 
present volume depicts the methods of treatment that 
have proved helpful and trustworthy. 

The surgeon working in the field of hand surgery 
will find many interesting methods portrayed, and 
though he may not always agree with the author’s 
approach to the solution of individual problems he 
will find much that is interesting, stimulating, and 
helpful. 

One might wish that it were possible to combine 
with the excellent diagrams indicating the technique 
some photographs of the results obtained. How much 
added effort is involved in such a task can be appre- 
ciated by everyone who has attempted to secure photo- 
graphic records of his cases, and here again the author 
would refer the reader to his earlier work. 

Everyone interested in the surgery of the hand 
realizes how important and continuing a contribution 
to the subject Iselin and his co-workers have made, 
and how widely their influence has extended, par- 
ticularly among the French speaking peoples. All of 
us, in other lands as well, are indebted to them. 

— Sumner L. Koch. 


IT Is INTERESTING TO NOTE in the publisher’s foreword 
that the first edition of Physical Diagnosis, was pub- 
lished by Richard C. Cabot, in 1900 and went 
through 11 editions in 34 years. In 1937 when a more 
complete revision was required, Cabot requested F. 
D. Adams to undertake the task. The succeeding 
editions have been so completely revised that the 
publisher believes that it is only proper that the title 
page should be altered as indicated. 

Adams has written a most sincere tribute to the 
memory of Richard C. Cabot. Among his contribu- 
tions to medicine was the introduction at the Massa- 
chusetts General Hospital of the Clinical Pathological 
Conference, which has remained a most important 
part of the hospital’s program since its inception in 
1906. 

The purpose of this volume is to show how the pa- 
tient should be examined, to describe the normal 
findings, and to explain and interpret the important 
symptoms and signs created by injury or disease. The 
volume goes much farther than a simple book on 
physical diagnosis inasmuch as many common 
disease entities are included in the various chapters on 
the organ systems. 

The book is beautifully bound and generously 
illustrated, well indexed, and comprises 926 pages. 
The contents begin with a description of history tak- 


7ATLAS DE TECHNIQUE OPERATORIE. CHIRURGIE DE LA MAIN. By 
Marc Iselin, assisted by Luc , Serge Boussard, and Daniel 
Benoist. 336 pages, 692 illustrations. Paris: Envoi Des Editions 
Medicales Falmmarion, 1958. 

8Puysicat Diacnosis. By F. Dennette Adams, M.D. 14th ed. 
926 pages, illustrated. $12.00. Baltimore: The Williams & Wil- 
kins Co., 1958. 
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ing and proceed through descriptions of physical 
examinations and common disease entities of all of the 
body organ systems. This volume should most cer- 
tainly be constantly and helpfully used in any medical 
library. — John H. Schneewind. 


THE NICELY BOUND and handsome volume The 
Esophagus® covers a timely subject, diseases of the 
esophagus. It is timely because much progress has 
been made in the knowledge of esophageal disease and 
in methods of treatment as is pointed out in the pref- 
ace. Sufficient knowledge has accumulated so that it 
should be assembled into one volume and presented 
to the medical profession. 

The illustrations, particularly those by F. Netter 
previously published in Clinical Symposia, are of ex- 
cellent quality as are the reproductions of roentgeno- 
grams. 

There are 32 chapters dealing with the anatomy, 
the physiology, the examination of the esophagus, 
and separate chapters devoted to 25 specific diseases 
of the esophagus. 

The reviewer noted certain misquotations from the 
literature. For instance, in the chapter on esophageal 
varices the statement is made that “Ahrens encoun- 
tered portal hypertension in 50 per cent of patients 
with biliary cirrhosis.”” When one consults the refer- 
ence cited for this statement, it is apparent that 
Ahrens’ study concerns a type of cirrhosis known as 
primary biliary cirrhosis which is relatively rare. 
(Ahrens, E. H., Jr., Payne, M. A., Kunkel, H. G., 
Eisenmenger, W. J., and Blondheim, S. H. ‘Primary 
biliary cirrhosis.”’ Medicine, 1950, 29: 299.) ‘Therefore, 
Ahrens’ incidence of 50 per cent does not apply to all 
patients with biliary cirrhosis. Also, the figure quoted 
from Chiles and associates (Chiles, N. H., Baggen- 
stoss, A. H., Butt, H. R., and Olsen, A. M. “‘Esopha- 
geal varices; comparative incidence of ulceration and 
spontaneous rupture as cause of fatal hemorrhage.” 
Gastroenterology, 1953, 25: 565.) representing the per 
cent of esophageal varices that bleed as the result of 
ulceration is misquoted. Misquotations of this type 
indicate that inadequate attention has been paid to 
source material and suggests that the book has been 
hastily written. Perhaps, it is in this way that un- 
truths become recorded in the literature and are per- 
petuated. These mis-statements detract considerably 
from the value of the book as a source of information 
on esophageal disease. 

The real worth of this volume is that it presents the 
first hand experience of the authors, who have de- 
voted considerable time to the esophagus. Much of the 
subject matter is based on the authors’ experience at 
the Massachusetts General Hospital, and much of it is 
presented as taught at Harvard Medical School. For 
this reason, and in spite of the faults noted above, the 
volume should be of interest to medical students and 
to practitioners of medicine and surgery. 

—F. W. Preston. 


*Tue EsopHacus; MepicAL AND SURGICAL MANAGEMENT. By 
Edward B. Benedict, M.D., F.A.C.S., and George L. Nardi, 
M.D., F.A.C.S. Foreword by Edward D. Churchill, M.D., 
F.A.C.S. 390 pages, 108 illustrations in black and white, and 
16 color plates. $15.00. Boston, Massachusetts: Little, Brown & 
Co., 1958. 
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SINCE suRGERY of the esophagus has developed rapidly 
during the past two decades and reached a state 
now of maturity comparable to many other areas of 
surgery, it is timely that an American edition of 
Professor Terracol’s work, Les maiadies de l’esophage is 
made available to English readers. Richard H. Sweet 
has performed a very admirable task in the transla- 
tion, rearrangement, revision, and the rewriting of 
Professor Terracol’s book. This work Diseases of the 
Esophagus” represents a comprehensive discussion of 
present day concepts on the surgical management of 
lesions involving this organ. The work is divided into 
29 chapters and consists of 682 pages. The subject 
matter includes gross and microscopic anatomy, 
normal and altered physiology, pathology, as well as 
all useful methods of diagnosis and surgical therapy. 
Inflammatory, neoplastic, congenital, traumatic, and 
idiopathic problems are equally well described and 
their management discussed. Sufficient historical 
background reference is utilized to emphasize the 
advances during the past two decades in this field and 
to make present management more forceful. Ade- 
quate attention is given to diagnostic and therapeutic 
equipment and techniques in their employment. A 
new chapter is included on esophageal substitution 
which brings the reader up to our present thinking on 
this important problem. The final chapter deals with 
irradiation therapy of carcinoma of the esophagus 
which gives hope for temporary amelioration of 
symptoms in some cases. The bibliography is volumi- 
nous, 72 pages covering all aspects of diseases of the 
esophagus. 

Sweet has a clear, concise manner of speaking style 
which makes for easy reading and understanding. 
This book is of great educational value for under- 
graduates and graduate medical students, as well as 
for specialists in diseases of the thorax. 

— William E. Adams. 


ProreEssor LassEK, in a captivating monograph of 
manageable length and imposing inclusion, tells the 
dramatic story of Human Dissection, with all of its 
attendant struggle; in doing so, he places definitive 
events in perspective with the current problems of 
medical education. 

The story begins with primitive concepts regarding 
the dead, whose bodies were believed to contain an 
indwelling spirit which lived beyond the earthly span 
of years, but in less fleshy guise. The account passes 
to similar beliefs held among ancient civilizations— 
Chinese, Japanese, Egyptian and Babylonian, and 
Graeco-Roman. Thereby, the narrative is carried 
downward through avenues of time, to the tenth 
century before the Christian Era. 

This temporal chapter is followed by a record of 
concepts held by Galen and his followers, in the early 
centuries of the Christian Era, and of those views held 
during the enlightened years of the sixteenth century 
—in which, however, the church opposed the ana- 


WDiseases OF THE EsopHacus. By J. Terracol and Richard H. 
Sweet. 682 pages, 409 illustrations. $20.00. Philadelphia and 
London: W. B. Saunders Co., 1958. 

UHuMAN Dissection; Its Drama anv Struccie. By A. M 
Lassek, M.D., Ph.D. 310, pages, 15 illustrations. $6.50. Spring- 
field, Ill.: Charles C Thomas, 1958. 
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tomic endeavors of Andreas Vesalius for reasons as 
venerable as the philosophy of the Ancients. 

Science came of age during the Renaissance, but 
public regard for its medical needs did not attain com- 
parable maturity. As a consequence, when the British 
Isles became the center of medical education, the 
burgeoning schools found widespread distrust of their 
pedagogic methods. Among the citizens there were to 
be found less scrupulous members who, for a price, 
were glad to keep the laboratories of anatomy 
supplied with uncomplaining subjects. These were the 
sack-"em-up men. 

The gruesome sights of the burial ground dissec- 
tion-room and the lugubrious machinations of the 
Resurrectionists are presented with verbal color which 
matches the chamellon allegiance of the perpetrators. 

Beginning with the anatomizing of man in Great 
Britain in the 1750's, the thread of the doleful tale is 
carried to New England (as it touched Harvard, the 
ephemeral schools of Berkshire, Castleton, and Wood- 
stock), to the Middle and South Atlantic States 
(Pennsylvania, New York, Maryland, and Virginia), 
and to the medical institutions of Ohio, Illinois, 
Indiana, and Michigan—as the tide of colonial mi- 
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Kooks received are acknowledged in this department, 
and such acknowledgment must be regarded as a suf- 
ficient return for the courtesy of the sender. Selections 
will be made for review in the interests of our readers 
and as space permits. 


OxsTETRICAL Practice. By Alfred C. Beck, M.D., and 
Alexander H. Rosenthal, M.D. 7th ed. 1115 pages, 
952 illustrations. $14.00. Baltimore: Williams & Wil- 
kins Co., 1958. 

A Metuop oF ANATOMY; DESCRIPTIVE AND DEDUCTIVE. 
By J. C. Boileau Grant, M.C., M.B., Ch.B., F.R.C.S. 
(Edin.). 6th ed. 879 pages, 862 illustrations. $11.00. 
Baltimore: Williams & Wilkins Co., 1958. 

Cotp Injury; Grounp Type. By Colonel Tom F. 
Whayne, M.C., USA (Ret.), and Michael E. DeBakey, 
M.D. Prepared under the direction of Major General 
S. B. Hays. Edited by Colonel John Boyd Coates, Jr., 
M.C., and Elizabeth M. McFetridge, M.A. 570 pages, 
illustrated. $6.25. Washington, D. C.: Office of the 
Surgeon General, Department of the Army, 1958. 

THe Neurotocic EXAMINATION; INCORPORATING THE 
FUNDAMENTALS OF NEUROANATOMY AND NEUROPHYSI- 
oLocy. By Russell N. DeJong, M.D. 2nd ed. 1078 
pages, 368 illustrations. $20.00. New York: A Hoeber- 
Harper Book, 1958. 

NARKOSE-FIBEL; FUER KLINISCHE UND AMBULATE OPERA- 
TIVE ErncrirFe. By Dr. med. H. J. Thum. Foreword 
by Prof. Dr. med. H. Burkle De la Camp. 103 pages, 
10 illustrations. $3.20. Stuttgart: Georg Thieme, 1958. 

EmeRGENCY TREATMENT AND MANAGEMENT. By Thomas 
Flint, Jr., M.D. 2nd ed., 539 pages. Philadelphia and 
London: W. B. Saunders Co., 1958. 

PuysicAL EXAMINATION OF THE SuRGICAL PATIENT. By 
J. Englebert Dunphy, M.D., F.A.C.S., and Thomas W. 
Botsford, M.D., F.A.C.S. 2nd ed. 375 pages, 203 illus- 
trations. Philadelphia and London: W. B. Saunders 
Co., 1958. 

Ine Cervicar Synprome. By Ruth Jackson, B.A., M.D., 
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gration spread westward, where need for professional 
training, in territories and states, received no legisla- 
tive protection. 

Many fascinating tales are recounted: John Hunt- 
er’s procurement of the Irish giant; Sir Astley 
Cooper’s surreptitious successes; the murders by 
Burke and Hare, in Edinburgh; the spirited rivalry, 
in cadaver-procurement, between the anatomic de- 
partments of the Alexander Monros and those of other 
schools in Scotland; and, in our Middle West, in the 
1800’s, the villagers’ uprising against Franklin Medi- 
cal School, at St. Charles, Illinois and the capture of 
“Old Cunny,” arch-ghoul of Cincinnati. 

Lassek’s story closes with a review of the present 
status of anatomic laws in the United States, with 
warning note on the significance of inadequacy in 
supply and regional difference between provisions 
designed to legalize dissection. 

This treatise, as the cover promises “brings the 
great mass of knowledge regarding the role of human 
dissection in the medical profession into a coherent, 
historical perspective.” The book attains this end with 
facility and conviction—to the author’s credit and to 
the reader’s sober refreshment. — Barry Anson. 


F.A.C.S. 2nd ed. 197 pages, 90 illustrations. $6.50. 
Philadelphia and London: W. B. Saunders Co., 1958. 

CALLANDER’s SuRGICAL ANATOMY. By Barry J. Anson, 
M.A., Ph.D. (Med.Sc.), and Walter G. Maddock, 
M.S., M.D., F.A.C.S. 4th ed. 1157 pages, 1047 illustra- 
tions. Philadelphia and London: W. B. Saunders Co., 
1958. 

CutnicaL RapioLocy or AcuTE ABDOMINAL DisorDERs. 
By Bernard S. Epstein, M.D. 352 pages, 406 illustra- 
tions on 224 Figures. $15.00. Philadelphia: Lea & 
Febiger, 1958. 

SoctepAD ARGENTINA DE Uro.ocia. VI Congreso 
Americano y III Argentino de Urologia, Mar del 
Plata, 2 al 7 de Diciembre de 1956. Tema oficial incon- 
tinencia de orina y contribuciones al tema. Vol. II. 
351 pages, illustrated. Buenos Aires: Nocito & Rand, 
1957. 

CuinicAL Enpocrino.ocy. By Karl E. Paschkis, M.D., 
Abraham E. Rakoff, M.D., and Abraham Cantarow, 
M.D. 941 pages, 198 illustrations. $18.00. New York: 
A Hoeber-Harper Book, 1958. 

P-TOSES ABDOMINALES ET PROLAPSUS PELVIENS; CLINIQUE ET 
THERAPEUTIQUE CHIRURGICALES. By Lucien Diamant- 
Berger. 194 pages, 117 illustrations. Paris: G. Doin & 
Cie, 1958. 

RENAL CIRCULATION IN ACUTE RENAL Fat.ure. By Ole 
Munck, M.D. 54 pages, 4 illustrations. $3.00. Spring- 
field, Ill.: Charles C Thomas; Oxford: Blackwell Sci- 
entific Publications Ltd., 1958. 

Autopsy DtaGnosis AND TEecunic. By Otto Saphir, M.D. 
Foreword by Ludvig Hektoen, M.D. 4th ed. 549 pages, 
80 illustrations. $8.50. New York: A Hoeber-Harper 
Book, 1958. 

MEDICINE AND THE Navy 1200-1900. By J. J. Keevil. 
Vol. II, 1649-1714. 331 pages, illustrated. $8.50. Edin- 
burgh and London: E. & S. Livingstone Ltd.; Balti- 
more: Williams & Wilkins Co., 1958. 

A Stereoscopic ATLas oF HuMAN Anatomy. By David L. 
Bassett, M.D. Section IV—The Thorax. View- 
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Master Reels 113-122, 123-132. Color photographs by 
William B. Gruber. Portland: Sawyer’s Inc., 1958. 
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VarieD Operations. By Hon. Herbert A. Bruce, M.D., 
F.A.C.S., L.R.C.P., F.R.C.S.(Eng.). 366 pages, illus- 
trated. $6.00. Toronto: Longmans, Green & Co., 1958. 

Sexto Concreso Urucuayo pe Cirucia. 11-17 de 
Diciembre, 1955. 899 pages, illustrated. Montevideo: 
Facultad de Medicina, 1958. 

Heap Inyurtes; MECHANISMS, DIAGNOsIs, AND MANAGE- 
MENT. By E. S. Gurdjian, M.D., and J. E. Webster, 
M.D. 482 pages, 108 illustrations. $14.00. Boston and 
Toronto: Little, Brown & Co., 1958. 

MANAGEMENT OF EMERGENCIES IN THORACIC SURGERY. 
By John Borrie, M.B.E., Ch.M., F.R.C.S.(Eng.), 
F.R.A.C.S. 349 pages, 300 illustrations. $10.00. New 
York: Appleton-Century-Crofts, Inc., 1958. 

Eve Surcery. By H. B. Stallard, M.B.E., M.A., M.D 
(Cantab.), F.R.C.S.(Eng.), Hon. LL.D.(St. Andrews). 
3rd ed. 899 pages, 671 illustrations. $18.00. Baltimore: 
The Williams & Wilkins Co., 1958. 

PicroR1AL HANDBOOK OF FRACTURE TREATMENT. By 
Edward L. Compere, M.D., F.A.C.S., Sam W. Banks, 
M.D., F.A.C.S., and Clinton L. Compere, M.D., 
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groes, August 1956, and Symposium in Leopoldville, 
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‘THe Repropuctive DEVELOPMENT OF THE FEMALE; WITH 
EspectAL REFERENCE TO THE PERIOD OF ADOLESCENT 
Sreriity. By M. F. Ashley Montagu. 234 pages, 4 illus- 
trations. New York: The Julian Press, Inc., 1957. 
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